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VITAMIN CONTENT OF CITRUS PRODUCTS! 


W. A. KREHL anp GEORGE R. COWGIL 
Yale Nutrition Laboratory, De partment of Physiclogical 
Chemistry, } ale University, New Haven, Connecticut 


tevei ed for publication, January 4, 195 


In view of the importance of citrus fruits in the human dietary, it is 
considered important to obtain as adequate information as is possible con 
cerning the vitamin content of these fruits and the various products into 
which they are processed. Although considerable information is at hand 
concerning the thiamine, niacin, pantothenie acid, carotene, and ascorbix 
acid content of citrus fruits and juices, only seattered data have been 
published on their biotin, pryidoxine, folie acid, and inositol content. it 
is further important to have more extensive information on the effects of 
processing and storage on this latter group of vitamins 

The present study was initiated, therefore, for the purpose of obtain 
ing comprehensive data on the biotin, pyridoxine, folie acid, and inositol 
content of various citrus fruits, and to evaluate the effects of processing 
and storage on these vitamins. In addition, total soluble solids (expressed 
as sucrose), total acid (expressed as anhydrous citric acid), and total and 
reduced ascorbie acid, were determined for purposes of reference to other 


published data on similar classes of material. 


EXPERIMENTAL PROCEDURE 

Materials Investigated: Homogeneous samples, both fresh and canned 
of orange, grapefruit, and tangerine juices; comparable fresh and 42° Brix 
frozen concentrated orange juice, and 65° Brix pasteurized concentrated 
orange juice; canned orange sections, grapefruit sections, and eitrus salad 
mixture of orange and grapefruit sections) were examined, All citrus 
studied was produced and processed in Florida 

Sampling Procedure: The problem of obtaining a “‘ representative sam 
ple’’ of a natural product always poses considerable difficulty, owing to 
the great variation that exists in the vitamin content within any species, 
and even variety of a species, of a natural product. One evidence of this 
variation can be seen from the data obtained on the vitamin C content 
of the various citrus products. Values obtained are in general below 
the accepted ‘‘average’’ vitamin C value, as a result of the fact that the 


samples analyzed were collected late in the packing season, at which time 
the vitamin © content of the fruit is lowest. It was decided, therefore 


that the most reasonable sampling procedure would be one that would 
give a composite value under actual, practical processing circumstances 
Seventeen Florida citrus processing plants cooperated in obtaining the 
samples, and the actual preparation and storage of the samples was car 
ried out by the research personnel of the Florida Citrus Commission 
and the University of Florida Citrus Experiment Station, Lake Alfred 
Florida 


This study was mad ble through a grant in aid provid do by the Florida Citrus 


possi iw 


Commission, Lakeland, Florida 
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The number of boxes of fruit processed during any sampling period 
was recorded, and at regular intervals during the processing day samples 
of the fresh juice were withdrawn from the holding tank prior to pas 
teurizing and filling, and canned samples taken immediately after the 
pas.eurization and filling process. In this way homogeneous samples of 
fresh and canned products were obtained. The samples of fresh juice 
were placed in cans, sealed, and frozen as quickly as possible by immersion 
in a dry ice-aleohol bath. Samples so prepared were considered **fresh’’ 
and were stored and shipped in the frozen state and remained so until 


thawed and opened for analysis. For the most part, then, a ‘‘sample’ 


consisted of at least 10 cans of juice, fresh or canned, collected at regular 
intervals during a processing day and, therefore, represented a composite 
sample of a large number of boxes of fruit. This system of sampling has 
further merit, in that it more clearly represents the average value of the 
citrus product as it might be obtained by the purchaser for consumption 
and of course gives the most clear-cut comparison between the fresh and 
canned product. Type of fruit sampled and number of boxes represented 
in a sample are shown for the representative classes of citrus (Tables 
3, 4, and 5 

The samples were first stored at controlled storage temperatures at the 
Citrus Experiment Station, Lake Alfred, Florida, and then forwarded 
to the Yale Nutrition Laboratory, New Haven, Connecticut. The frozen 
‘fresh’’ samples were packed in dry ice and shipped air express; all other 
samples were shipped by railway express. Temperatures and duration of 
storage before analvses are shown (Tables 1 to 5 

At the time of analyses, the 10 or more cans that represented the com 
posite sample were opened and their contents pooled, after which suitabl 
portions were withdrawn for the respective analyses. The frozen ‘* fresh’? 
sumples and the 42° Brix frozen concentrated orange juice were thawed 
rapidly by placing in a 70 to S0°C.(158 to 176°F.) water bath until the 
juice was not quite all melted. The cans were then opened and their con 
tents pooled for subsequent analyses. Since this method of treatment did 
not impair the stability of vitamins in fresh orange juice frozen and stored 
in the laboratory (see Table 1), it was considered satisfactory 

Samples of grapefruit sections and the citrus salad were prepared by 
opening the 10 or more cans of the composite sample, blending to a fin 


eonsisteney in the Waring Blendor, then pooling the blended sample, from 


Fresh orange 
puice pire 
pared from 
Florida 
oranges 


Valencia 
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which portions were then taken for analyses. At the same time, a Number 
2 enamel-lined can was filled with this pooled sample, sealed, and frozen 
immediately in a bath of dry ice and acetone mixture. These re-canned, 
pooled samples were kept stored at —10°C.(14°F.) and reserved in case 
any repetition of analysis was required. This procedure proved to be 
valuable, since in several instances it was desired to confirm first-run val 
ues for biotin and folie acid. From results obtained with this procedure 
for storing samples there was no reason to believe it was not satisfactory 

In order to evaluate the effect of frozen storage on the vitamin content 
of fresh citrus juice, and to verify that our field-collected fresh frozen 
samples could be considered ‘‘fresh’’ for the purposes of our study, fresh 
orange Juice prepared in the laboratory from Flormda oranges ( Valencia 
was analyzed immediately for the various vitamins in question, and a large 
portion of the same juice was at the same time frozen and stored at —10°C 
(14°F.) in enamelled Number 2 cans. At intervals of one, two, four, six 
and eight months thereafter a can of this juice was opened for repeat 
analyses. Results of these analyses may be found (in Table 1) 


METHODS OF ANALYSIS 


Total soluble solids, as sucrose, were determined with a Brix Hy 
drometer, which had been checked in a salt solution against a Bureau of 
Standards Hydrometer. The spindle checked within 0.05 degree Brix. The 
#2 and 65° Brix concentrated orange juice were diluted with three and 
seven parts of water, respectively, before total solids were determined and 


portions taken for other analyses. 

Total solids were determined for the grapefruit sections and the citrus 
salad by taking a suitable portion of the blended sample and determining 
actual dry weight by drying the sample in a drying oven at 110°C.(2380°F 
to a constant weight. 

Total acid, as anhydrous citric acid, was determined by titrating 25 ml 
of the juice or blended sample of sections with standard NaOH, one ml 
of which was equivalent to 20 mg. of anhydrous citric acid. Phenolphthal 
ein was used as the indicator. 

Reduced ascorbic acid was determined by the photometric method of 
the National Canners’ Association (1944). An Evelyn Colorimeter, with 
a filter having a maximum transmission at 515 my., was used to determine 
the comparative decolorization of the dye 2,6-dichlorophenolindophenol, bs 
the sample and standard, respectively. 

Total ascorbic acid was determined by adapting the methods of Roe 
and Kuether (1943), and Lowry, Lopez, and Bessey (1945), to citrus sam 
ples. A five-ml. portion of pooled citrus sample was diluted to 100 ml. with 
distilled water. To two ml. of this solution in a test tube were added eight 
ml. of a five per cent suspension of activated norite A in five per cent tri 
chloracetic acid. After shaking and allowing to stand five minutes, the 
mixture was filtered ; four ml. of this clear filtrate were placed in an Evelyn 
tube, followed by one ml. of a solution which contained two gm. of 2.4 
dinitrophenylhydrazine and 0.25 gm. of thiourea dissolved in 100 ml. of 
nine N H,SO,. The tube was then incubated for three hours at 37°¢ 


ae heen einer 
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99°F .), after which it was placed in an ice bath. After thorough cooling 
five ml. of 85 per cent H.SO, were added very slowly to prevent heating 
and charring. The tube was then allowed to stand for 30 minutes for full 
color development, after which the intensity of the developed color was 
determined with an Evelyn Colorimeter, fitted with a filter having max) 
mum transmission at 540 mp 

Microbiological methods were used for determination of biotin, folie 


‘ 


acid, pyridoxine, and inositol. A thorough review of the methodology of 


microbiological assay procedures has been published by Snell (1948 

Biotin and Inositol Determination: Samples were prepared by auto 
claving 25 ml. of citrus product (25 gm. in ease of citrus sections) with 
25 ml. of two N H.SO, for two hours at 121°C.(250°F Although some 
what more drastic treatment of the sample has been suggested for libera 
tion of biotin and inositol, Snell (1948), longer periods of autoclaving 
with more concentrated acids did not increase significantly the values for 
biotin and inositol, and it was concluded that the treatment employed pro 
vided maximum liberation of the respective vitamins 

After autoclaving, the solutions were cooled, neutralized to pH 5, and 
diluted to such a volume that at least three levels of the diluted sample 
would fall within the assay range of the organism using the pure vitamin 
to establish a standard curve. 

Inositol was determined with the veast Saccharomyces cereviseae as the 
test organism. The medium used was that employed for the yeast Sac 
charomyces carlsbergensis by Atkin, Schultz, Williams, and Frey (1943 
modified by the addition of pyridoxine and the removal of inositol. Growth 
was measured by turbidity, as determined with the Evelyn Photoelectric 
Colorimeter, using a filter with maximum transmission at 620 mp 

The lactie acid bacterium, Lactobacillus arabinosus, was the test organ 
ism used for the determination of biotin, using the biotin free medium of 
Krehl and Fruton (1948). The graded production of lactic acid, in response 
to the biotin present in the sample, was compared to the pure vitamin and 
used as the end-point for the assay 

For the determination of folie acid, 25 ml. of the citrus sample (25 gm 
of citrus sections) were neutralized to pH 7.2 with one N NaOH, 25 ml 
of distilled water added, and the solution autoclaved for one hour at 121°C 

250° FR This solution was cooled and the volume adjusted so as to fall 
within the assay range of the test organism Lactobacillus casei, using pure 
folic acid as a standard. The medium employed was the folie acid free 
medium of Krehl and Fruton (1948 The treatment of samples wit! 
hog kidney conjugase, as suggested by Olson, Fager, Burris, and Elvehjem 
1948), did not reveal a significantly greater content of folie acid in the 
citrus products tested and was, therefore, abandoned, sinee it is consider 
ably more cumbersome. Whether or not the procedure emploved is com 
pletely adequate for liberation of bound folie acid in eitrus products is 
debatable: however, since amounts of this vitamin found are of such a 
small order of magnitude, extensive study on this aspect of the problem 

1 not seem justified 

Pyridoxine samples were prepared by adding 25 ml. of 0.1 N H,SO, 

> mil. of citrus product, after which the solution was autoclaved at 
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121°C. for one hour. After cooling, the pH of the solution was adjusted 
to five and the sample diluted to such a volume that three levels of the 
diluted sample fell within the assay range of the test organism 8. caris 
bergensis, when pure pyridoxine was used as the standard. The medium 
proposed by Atkin, Schultz, Williams, and Frey 1943) was used, and 
growth of the veast as turbidity was measured as in the inositol assay, It 
should be noted that this organism measures all three forms of the vitamin 
pyridoxine (i.¢., pyridoxal, pyridoxamine, and pyridoxine 

Although longer periods of autoclaving have been recommended for 
the liberation of vitamin Bb, from certain types of material, Rabinowitz 
and Snell (1947), the sample treatment outlined above gave maximum 


pyridoxine values for the citrus products tested 


RESULTS AND DISCUSSION 

It is apparent (Table 1) that it is reasonable to consider the test 
samples collected and frozen immediately as ‘‘fresh’’ for the practical 
purposes of the present study, since no significant losses of the vitamins 
in question were detected in the fresh juice prepared and stored under 
laboratory conditions. The differences that do exist are for the most part 
within the range of experimental error of the methods employed. The 
fact that the ascorbic acid content of the fresh juice prepared in the 
laboratory is considerably higher than that found in the large seale sam 
pling procedure, has no great significance and, in facet, emphasizes the 
importance of a sampling procedure that represents not a single box of 
fruit or an isolated sample but many boxes of fruit, composited in such 
a way as to cover the natural wide range of ascorbie acid values. Since 


our laboratory sample was prepared from Valencia oranges at early ma 


turity, and most of the field samples were collected in late season, one 


should expect a difference in ascorbic acid content. It has been shown 
for example, that a gradual decrease in mg. of ascorbic acid per ml. of 
juice has been associated with the ripening of Valencia oranges, Harding, 
Winston, and Fisher (1940 

That the ascorbie acid values of the fresh juice are higher than those 


of the comparable canned products is revealed by an examination of Table 


storage e., six to eight months at 27°C.(81°F and 6°¢ or for 
two to four months, Moore, Wiederhold, and Atkins (1944 It is inter 
esting to note, however, that the folie acid content of the canned products 


2. This is about what would be expected as a result of the reasonably long 


is. in general, higher than of the fresh. No explanation of this difference 
is available, as vet. The fact that the fresh orange juice contains more 
peel oil than the canned product does not seem to be an important factor 
in influencing the growth of the microorganisms used in the assay, sinee 
the folic acid content of a canned juice sample to which peel oil had been 
added in quantities to simulate the fresh product, remained essentially the 
same. Whether or not the canning and pasteurization process results in 
a greater release of bound folic acid has not been established It should 
be noted, however, that preparation of samples for folic acid assay involves 
autoclaving at 121° 250° F for one hour. conditions far more rigorous 


than the customary processing procedure. The three types of citrus ex 
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amined, i.e., orange, grapefruit, and tangerine, had about the same range 
of values for their folic acid content 

A part of the apparent increase of folic acid in the canned products 
is, of course, explainable by the fact that the total solids of the canned 
citrus is uniformly higher and, therefore, represents a concentration. This 
explanation also applies to certain other cases where an increase in the 
Vitamin content of the canned product seems evident. It must be remem 
bered, however, that the assay methods for folie acid, pyridoxine, and 
inositol have not reached as high a degree of accuracy as certain other 
microbiological methods, i.e., niacin. This, of course, does not mean that 
the present methods cannot be conducted with reasonable accuracy and 
precision ; it simply means that the stage of our knowledge concerning the 
determination of the particular vitamins studied has not advanced as far 

The level of pyridoxine in orange juice (Table 2) seems to be on the 
whole higher than in grapefruit juice (Table 3), and the same general 
conclusion can be applied to inositol. The pyridoxine and inositol content 
of tangerine juice, on the other hand, compares favorably with orange juice 

Of interest was the excellent retention of ascorbic acid in the 42° Brix 
frozen concentrated orange juice (see Table 4). Although three individual 
plants supplied composite samples of this product, excellent uniformity of 
juice was observed, particularly with respect to total soluble solids, total 
acid, and ascorbie acid content. The level of the other vitamins in the 42 
Brix frozen concentrated orange juice was in the same general range as 
observed in the previous fresh and canned samples (see Table 2). Although 
no analogous fresh juice was available to compare with the 65° Brix pas 
teurized concentrated orange juice, it is evident (see Table 4) that the 
samples of this product examined had uniformly excellent ascorbie acid 
levels and about the same general range of values for the other vitamins 
as fresh orange juice (Table 2). 

The canned citrus sections examined, i.¢., orange sections, orange and 


grapefruit sections mixed, and grapefruit sections, were sweetened, and 
as might be expected had a higher total solids content than the citrus 
juices, and on the average their ascorbic acid content was somewhat below 
that of the respective citrus juices. On the other hand, the levels of the 


other vitamins were not strikingly different. 

In reference to the ascorbie acid levels, it is worthy of note that the 
total ascorbic acid values, which represent both the oxidized and reduced 
form of aseorbic acid, are higher than values for the reduced aseorbie acid 
Since good recoveries of ascorbie acid were obtained with both methods 
when applied to citrus products, it is evident that some of the oxidized 
biologically available) ascorbic acid is present in citrus products 

The justification for careful and extensive sampling is made clear 

in Table 6), where all of the data have been summarized and vitamin 
levels presented as a range of values. This is to emphasize the futility of 
expressing a definite value for a substance in a natural product, since 
too many faectors—-both environmental and genetic—are brought to bear 
in deeiding this ‘‘amount.’’ To illustrate—more ascorbie acid is found in 
oranges from outside branches well exposed to sunlight than from inside 
branches. Certainly, the somewhat low average ascorbic acid values found 
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‘ itrus products contain an abundance of inositol and 
hest natural sources min Although 
wad 


as vet been elucidated, the 
integral part of a pl osphatict Woolley (1944 
pancreatic amylase, Williams, Schlenk 


clear this compound 1s 


it 1tOs tol has not 


] 
mositol 
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etor It 


t ) hore tha 
six-carbe 
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a potentially important 
t inositol and ascorbi 


irbohvdrate-like compounds, eXist in the san 
material in relatively large amounts Whether inositol may be 
six-carbon compouns \ preeursor for ascorbie ae 
nt, remains to b 


vestigation 
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In our studies on the respiration of the white potato, Schade, Bergmann 
and Byer (1948), Levy and Schade (1948), and Schade and Levy (194s 
we have found no evidence to support the view that tyrosinase plays the 
role of the terminal oxidase. Rather, we have shown that an enzyme having 
the characteristics of cytochrome oxidase, as well as one showing an in 
sensitivity to carbon monoxide together with a requirement for a relatively 
high partial pressure of oxygen, performs this function. If slices of potat 
tuber are washed in running tap water for increasing periods of time, the 
wrticipation of cytochrome oxidase in the tissue respiration decreases 
while that of the pO, sensitive system increases. Consideration of this 


shift with time, in the relative participation of these enzyme systems in 


the respiration of washed potato slices, led to the tentative conelusion that 


the respiration of the intact tuber is mediated primarily by eytochrom: 
oxidase 

Potatoes used for the work summarized in our previous reports wer 
obtaimed at different times of the vear from the local market. Large: 
tions were found from bateh to batch in the quantitative effects of the 
several experimental conditions imposed, such as the carbon monoxide gas 
phase and the lowered partial pressure of oxygen. It appeared probabl 
tha. such differences were due in part to the varied conditions of storag 
to which the tubers had been subjected prior to time of purchase. Study 
of a given lot of tubers from the dav of digging to the end of a 20-week 
storage at 7°C.(45°F.) was undertaken in the hope that an explanation ot 
the observed differences would be revealed 

We were interested further in the possible relations among the respira 
tory enzyme patterns, the conditions of storage of the tubers, and the 
factors that are believed to be responsible for the two most comm« 
of discoloration found in dehydrated potatoes, ‘‘graving’’ and 
ing.’’ In general, ‘‘graving’’ results from the action of oxidative enzvmes 
primarily tyrosinase, on the available substrates provided by the damaged 
cells on the cut surface of the tubers as they appear on the trimming tabl 
Ross, Hlilborn, and Jennmess [1945 Browning’’ of the dehvadrated 


potato results apparentiv from some hemieal reaction nvolving recuse 
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ing sugars, and taking place the elevated temperatures used for dry 
ing. The greater the reducing sugar coutent, the greater the likelihood of 
‘browning 
To follow the tendency of ‘*graying’’ as affected by duration of stor 

age, we determined the discoloration capacity of the tuber, as well as its 
tvrosinase and peroxidase activities, over the 20-week storage period. It has 
been reported, Ross, Hilborn, Jenness, and Bartlett (1946), that “‘ condi 
tioning’’ of potatoes by storage at 20°C.( 68°F.) for from one to thre 
weeks lowers appreciably the concentration of reducing sugar and so de 

creases the tendenev of ** browning.’ We, therefore. removed sample lots 
of potatoes from their 7° ¢ ae torage at given tntervals and stored 
them for one week at 20 ¢ D to determine what effect conditionime 
has on their enzymatic a ities, discoloration capacity, respiration, and 


reducing sugar content 
AND METILODS 


Mature potatoes of the Green Mountain variety, received on the day 
they were dug, were kept at 20°C. overnight for zero time analyses to be 
run on the following day. After a representative sample of potatoes had 
been chosen for these analyses, the remainder was divided into two unequal 
batche The larger batch was put in storage at 7°C. and the smaller at 
20°C... for one week's conditioning at this temperature. Throughout the 
course of this work, the 7° ¢ batch of potatoes served the purpose of 
supplying tubers kept at that temperature for a given period of time and 


prior 


tubers needed for seven days’ conditioning at 20°C. following the 
torage at 7°¢ 
For each set of analyses reported in this paper (except for tests after 


1) weeks’ storage, with and without one week's conditioning, when four 


potatoes were used at least 12 tubers were prepared and then pooled 


The following routine was established for preparation from potatoes of 
the slices used in the respiration experiments: The potatoes were washed 
to remove looselv adherent soil, then punched lengthwise with a cork-bore 
to obtain two evlinders of tissue from each potato. Both ends of the ev! 
inders were trimmed to remove all cortical tissue, leaving the pith. From 
each trimmed cylinder, approximately 20 slices 7.7 mm. in diameter and 
0.5 mm. thick were cut with a hand microtome. The combined lot of slic 

was briefilv washed | water (one-half hour) to remove loose starch and 
then used as such fo v of the respiration of tact slices and for 
preparation of an wens f comparable tissue ‘ var deter 


minations and other enzyme assays, the remainder of e: tuto was { 


into one-em.-thiek slices which were then trimmed to remove all cortex. The 


slices were diced to make roughly one-em. cubes. The combined dice were 
washed to remove s ace vral and then emploved as required b 
the several analvses 
Methods used f ‘ min ! th respiration of the potato 
ces and of e | f OF r cen + five per cent O, in light and 
n darkness, ¢ wie i } ‘ ( r lowered pO. on the espiration, were 
and Schade | 1948 The mane 


Vtochrome dase activity of 
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potato tissue homogenates was the same as that previously described (Levy 


and Sehade [1948 

For determination of the reducing sugar concentration of each potato 
sample, 30 gm. of mixed potato dice were blended in a Micro Waring 
Blendor for five minutes with 50 ml. of 0.1 H,SO,, then filtered on a 
suction filter using Celite No. 505 as filter aid. An appropriate sample of 
the filtrate was then analyzed for its reducing sugar content by the Shaffer 
and Hartmann (1921) method and calculations made on the basis of the 
estimated dry weight of the tissue. 

The catecholase activity of the potato samples was determined by ap 
plication of the chronometric method of Miller and Dawson (1941). Five 
ym. of dice were homogenized in five ml. of ice-cold distilled water with a 
glass homogenizer kept cold in an ice bath. The number of catecholase 
units per gm. of wet weight of tissue was calculated from the times required 
by different quantities of homogenate to oxidize three mg. of ascorbic aeid. 

It has been shown ( Wallerstein, Alba, and Hale |1947b]) that when an 
aqueous solution of o-pheny lenediamine is added, under aerobic conditions, 
to a potato homogenate, a deep orange red coloration results. The amount 
f coloration is inversely related to the blanching time and appears to be 
enzymatically controlled. Possible relation between the extent of color 
formation with o-phenylenediamine and the conditions of storage of the 
potatoes were sought through application of the method of Wallerstein 
et al 1947). 

The peroxidase activity of all samples was determined by the method 
of Wallerstein ef al. (1947a and b), which employs o-phenylenediamine as 
substrate 

Since the tendency for enzymatic discoloration of potatoes may be 
quantitatively evaluated by determining the intensity of color formed in 
clarified maceration juice under standard conditions (Wallerstein, Berg- 
mann, Byer, Alba, and Schade [| 1947 we applied a modification of the 
published method to all samples to ascertain the effect of storage and 
conditioning of the enzymatic discoloration capacity of the potatoes. For 
each test, 70 gm. of dice were blended with 70 ml. of distilled water for 
seven minutes in a Waring Blendor. Approximately two gm. of Celite No 
505 were added to the mash, which was then filtered with suction through 
a celite cake on a No. 5 Whatman filter paper. Exactly three minutes from 
the end of the blending period, the filtered juice was put in a Klett Col 
orimeter and read for optical density through a No. 42 filter 


RESULTS 
Results of the study of the respiration in air, and at lowered oxvgen 
f intact potato slices over the entire spoilage period of 20 weeks 


pressure, of 
at 7°¢ with and without a one week’s conditioning at 20°C.. are sum- 
marized (Fig. 1 From 1 data presented it is clear that the rate of 
respiration per unit 4 er tissue t constant over the period of 
storage. Further, except f he I; eeks of storage, there is clearly 
operable in the respirati f the t " enzyme system sensitive to the 


of the partial pressure of oxygen from 0.2 to 0.05 atm. With 


reduction 
the obvious decline in respiration of th lices from the 15th to the 20th 
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cent N, + five 


per cent O 


week of storage, the participation of the oxygen-pressure-sensitive system 
appears negligible. Consideration of the effect of the one week’s condi 
tioning at 20°C., given to the several potato samples over the entire storage 
period, suggests that conditioning accelerates the rate of changes in the 
metabolism of the potato coincident with storage. In fact, throughout this 
investigation it was possible to anticipate the direction of change in the 
respiration of intact unconditioned slices and in the activity of the impli 
cated enzyme systems, by noting the behavior of the potatoes which had 
just previously been subjected to the conditioning treatment. 

When the oxygen consumption of potato slices was determined in an 
atmosphere of 95 per cent carbon monoxide and five per cent oxygen, in 


tespira per cent CO + five er cent Oc, in the 
7 , 


, and in the dar ve B function of storage 


1 
I 
time 
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both the dark and the light, their evtochrome oxidase activity was revealed 
the 


Results obtained are summarized (Fig. 2 It should be noted that 


reversal by light of the CO inhibition of respiration was always complet: 
Hence, at no time did tyrosinase function as the terminal oxidase, whilk 
evtochrome oxidase was active throughout the entire 20 weeks 

The caleulated per cent inhibition caused by carbon monoxide in the 
dark and the inhibition effected by lowering the pO, are represented 
graphically (Fig. 3 It will be noted that, with the exception of tl 
observations after 10 weeks of storage, the slopes of the line segments for 
the CO inhibitions are opposite in sign to those for the inhibition caused 
by lowered po Ilere, also, the slope of the line representing results ob 
tained with conditioned potatoes predicts the change that will take plac 
} 


with the uneonditioned potatoes at the following observation period 


No such negative correlation can be found between changes in amounts 
of evtochrome oxidase action (4'O-sensitive enzyvine and the CO-insensitive 
enzyme. Results of these measurements are summarized (Fig. 4 During 
the course of the 20 weeks of observation, the amount of cytochrome oxi 
dase, as shown by the homogenate technique, gradually increased, while the 
amount of CO-insensitive enzyme showed no trend either up or dow! 

The coneentration of reducing sugar rose for five weeks in both the 
unconditioned and conditioned potatoes and then gradually fell (Fig. 5 


After the first fiv weeks, conditionin effected a decrease in sugar con 


uv 


centration as compared to the uncon loned 


The action of potato homogenate on o-phenyvlenediamine in the presence: 
and absence of HL.QO. showed no significant change during the period of 
observation (Fig. 6 Conditioning likewise was without Important effect 


on these activities 
Fig. 7 represents the catecholase uni rgm. wet weight of tissu 


as a funetion of the time of storage at 7 and also shows the effect of 
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‘oncentration of reducing sugar as a function of storage time 
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Reaction potato homogenate with o-phenylenediamine, in presence of 


f (Curve B) HAs, as a 


and absence of function of storage time 
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one week's conditioning at 20°C. It can be seen that there is a slow rise 
in catecholase activity for about 15 weeks. Following the five-week storage 
period, conditioning apparently caused a decrease in this activity, with 
the exception of the 20-plus-one-week sample. In the latter case, the rise 
observed may be related to the fact that these potatoes were budding at 
the time of the test. The discoloration capacity of th 
essentially unchanged during the first five weeks of storage, and then rises 
to another plateau about 30 per cent higher than the original (shown 
Fig. 3 Conditioning appears to have little effect on the discoloration 
capacity 


potatoes remains 


with storage time. Diseoloration capacity 


samples showed no significant change over 


DISCUSSION 
onsideration of the several curves presented here reveals no clear 
rrelation between discoloratio ipacity and any of the metabolic 


haracterist tu Although some untested single activity might be 


‘esponsible, d 1 is probably a complex phenomenon and not at 


ise, It is also apparent that the respiration 
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of the potato slices, the amounts of the oxidative enzymes, and the con 
centration of sugar of the potatoes vary markedly with the length and 


temperature of the particular storage period 


SUMMARY 
The effect of storage at 7°C. for periods up to 20 weeks, as well as the 
effect of such storage followed by a week of conditioning at 20°C., on a 
number of metabolic and enzymatic activities of white potatoes, has been 


reported. The metabolic activities studied were respiration in air and 


respiration in gas mixtures of 95 per cent N five per cent O,, 95 per cent 
CO five per cent Y,, in the light and in the dark. Action of potato 
homogenate on p-phenylenediamine without added cytochrome ec and with 
added cytochrome ¢ (cytochrome oxidase), action of the potato homogenate 
on o-phenylenediamine without H,O, and with H,O, (peroxidase), cate 
cholase activity, reducing sugar concentrations, and discoloration capacity, 


were also investigated 
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The production and consumption of the various types of dried milks 


and their related products have increased steadily in the United States 


during the past 25 years. This increase has been particularly marked 


for the non-fat dry milk solids. Until the recent war, the amount used as 
animal food equaled or surpassed that consumed by human beings. The 
tremendous problem of food supply created DN World War Il, however 
reversed this situation. These production and consumption trends for non 
fat dry milk solids and other milk produets have been summarized by 
Vial, Myers, and Pearson (1946 
| p to the present time, non fut dry milk solids have been used com 
mercially to a great extent, notably in ice cream and bakery products 
The literature in these fields is extensive. Since experiments with non-fat 
dry milk solids in bread and ice cream are now being conducted in other 
laboratories of the College of Agriculture and will appear in later publi 
cations, this paper attempts no review of previous work with these foods 
Ramsdell and Webb (1941) studied the effect of adding non-fat dry 
milk solids to preeooked dried soups and found that the optimum amount 
was Zo per cent. Stamberg and Bailey (1955) used up to 30 per cent of 
dry milk solids in baked cakes with good results. These experiments were 
primarily concerned, however, with the commercial uses of the dried milk 
preparations 
Promoting the housewife’s use of these products in home-cooked foods 
fers one of the most promising fields at present The experiments reported 
in this paper were made from the viewpoint of the individual consumer 
The literature in the field is limited. Paul and Plummer (1949) studied 
storage of non-fat dry milk solids and made certain recommenda 
regarding the most desirable type of container and the best eond 
for maximum storage time. Many pamphlets and bulletins, however 
have reeently been published to acquaint both the individual consumer 
and the commercial trade with the use of non-fat dry milk solids in the 
preparation of food. The bulletins of the American Dry Milk Institute 
Dive 46a, b, and «¢; 1947a and b) are excellent examples of these 


Tat 


The nutritional value of supplementing foods in the home with non 
dry milk solids is obvious. According to the American Drv Milk Institute 


Ine., the average composition of this dried milk product is as follows 


Advisor 
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In addition, the milk solids contain thiamine, riboflavin, and niaein it 
levels of 3.6, 20.4, and 9.3 parts per million respectively The addition of 
foods of even small amounts causes an appreciable increase in the nutri 
tive value. This has particular value in therapeutie diets, as well as in 
those of children 

Since the production of dried milks has become an increasingly impor 
tant phase of the dairy industry, it seemed desirable to study in detail 


some of the uses and properties of non-fat dry milk solids in various types 


i 


f home-cooked food products. This paper presents the results of funda 


mental studies of the viscosity and gel strength of dried milk mixtures 


EXPERIMENTAL PROCEDURE 


To determine the effect of non-fat dry milk solids on the viscosity of 
basic food mixtures, a series of pastes was prepared with flour, non-fat 
dry milk solids, and water. The dry milk used was a spray-dried produet 
prepared by low heat pasteurization 63°C.(145°h for 3O minutes; the 
flour was an ordinary all-purpose one. The composition of the individual 
pastes is giver see tables succeeding section 

The pastes were prepared as accurately as possible with the equipment 
available. The flour, non-fat dry milk solids, and water were weighed 
directly into the top of a small enamel double boiler. Weights were deter 
mined with an ordinary trip balance. The pastes were mixed as smooth as 
possible by hand and were cooked over boiling water for 35 minutes, or 
until the temperature was about 94°C. (201°F According to Woodrufl 
and Nicoli (1931 the maximum thickness of stareh-gels oceurs at 90 

('.(194 to 2PO3°F The pastes were stirred only until thick enougl 


to prevent the flour from becoming lumpy. They were then poured into 


seven-inch round cake tins, covered with waxed paper, and cooled over 


night in an ice refrigerator, 15°C.(59°F 

Two series of plain and dry milk pastes were prepared with water 
In the first of these, the flour was held constant at various levels and the 
amount of dmed milk was varied. In the second series, the dry milk was 
held constant at various levels and the amount of flour was varied 

For purposes of comparison, a short series of pastes was prepared with 
fresh whole fluid milk, instead of water. Otherwise, the details of prep 
aration were the same as those described above 

After these preliminary studies were completed, the effects of three 
common ingredients-——sugar | sucrose salt (NaCl), and fat—-were deter 
mined on the viscosity and gel strength of representative samples of the 
pastes previously studied. In these cases, the variables were weighed into 
the top of the double boiler with the other ingredients, as described above 
and the pastes cooked in a similar manner 
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To study the effect of alterations in pH, NaHCO, and vinegar were 
1dded to paste mixtures in amounts sufficient to raise or lower the pH by 
one unit, as determined with a quinhydrone eleetrode 

The viscosity of mixtures that were sufficiently fluid was measured with 
the Stormer Viscosimeter. This instrument and its use have been fully 
described by Rogers and Sabin (1911) and by Rigg and Carpenter (1912 
The last-named authors concluded that the instrument was of value only 
within limits of flow not requiring a change in driving weight. In the 
present experiments, a driving weight of 450 gm. was used. The pastes 
were poured into the test cup, and the viscosity measured for each paste 
Viscosity figures given in the tables represent the time in seconds required 


25 revolutions of the rotating cylinder. Since the pastes became pro 


for 
gressively less viscous with stirring or agitation, figures are recorded for 
the first and 10th trials. All determinations were performed in triplicate 

The pastes not fluid enough for the viseosimeter were of a gel-like 
nature. A Bloom Gelometer was used to measure the gel strength of these 
The instrument and its use for the determination of gel strength have been 
described by Beukelaer, Powell, and Bahlman (1924 fo avoid testing 
the stiff surface film fomned as they cooled, the pastes to be tested were 
inverted on a metal tray. One and one-half-inch squares were cut and 
placed in small glass containers. The gel strength was then determined 


Figures recorded as gel strength in the tables represent the number of gm 


of lead shot—plus the measuring dish, which weighed 19 gm.—required to 
break the surface of the gel with the cireular plunger. Pastes were pre 
pared in triplicate, and eight measurements of gel strength made on each 
paste 

A quinhydrone electrode was used for all measurements of pH 


RESULTS AND DISCUSSION 

The first series of pastes studied is referred to in the tables as Paste 
Series TI. The flour was held constant at various levels and the amount 
of non-fat dry milk solids was varied for each level of flour. This group 
is further subdivided into Paste Series LA and Paste Series IB. The pastes 
in Series TA formed gels which were measured on the Bloom Gelometer 

As would be expected, the gel strength of the pastes increased as the 
level of non-fat dry milk solids in the mixture was raised. At any selected 
level of flour, the gel strength of the paste became greater as the dry milk 
was increased from 25 to 100 gm. For example, at a level of 50 gm. of 
flour, the gel strength increased from 184 for 25 gm. of dry milk to 265 
for 100 gm. of dry milk. It is of interest that the pastes with dry milk 
added differed from those made with plain flour and water. The former 
were more opaque and had a sticky quality. In order to make the relation 
ships clearer, the level of non-fat dry milk solids in the mixture was plotted 
against the gel strength for each level of flour (Fig. 1 If a straight line 
is drawn across Fig. 1 at any selected gel strength, it is possible to draw a 
second figure in which the amount of dry milk is plotted against the level 
of flour for the selected gel strengths (Fig. 2 This line-graph makes it 
possible to predict, within limits, the relative proportions of flour and 
dry milk needed to form a gel of a given strength. The levels of non 
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Fig. 1. The relationship of the level of olids to gel strength at 
various levels of flour in Paste Series LA 
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milk solids were plotted against the imeremental increase in gel 
y } The regression line shows 


fat drs 
flour ( Fig 


strength at the various levels of 
the increase in gel strength at the various combinations of flour and dry 
milk. If a gel strength is known at one level of flour and dry milk, this 
forms a basis for the prediction, within limits, of the relative in 
in gel strength at any other level of flour and d1 T 

should be of value for 
subject to modifications by 


graph 


or an 


ereas 
the prediction of the consistence 
other ngredients 


higures 


particular cooked produet 


thinner or less viscous pastes, Series IB, was meas 


The viscosity of the 


ured with the Stormer Viscosimeter 
Series LA, the visceositv increased in 


As with the increased gel strengths of 
the thicker pastes in proportion te 
the amount of non-fat drv milk solids added Fig. 4 

f drv milk and flour, th 


It will be observed that at certain levels « 
> revolutions of the evlinder beeomes 
reases that when the paste 
Stormer Vis 


time required for: greatly inereased 
It is apparent from these abrupt in becomes 
thick the viscosit measured with the 


The abr 


very 
olutions probably indicate 


in a thick paste as in 


} 
etualh oO measure the 
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fluidity or viscosity, while with the former, the measurement probably indi 
required to break the structure of the gel, as shown by 

curved line connes points of abrupt increase (Fig. 4 rhe 

area below the lin sctual measure of viscositv, while that above 

line indicates the breakdown of the gel structure. The viscosity range 

those common household recipes (given later in Part I1) is also in ated 

The differences between the first and 10th trials of the viscosimeter wer 


also more marked with thick pastes and possibly indicate a breakdown 
el structure as a result of agitation 


Since the results of the experiments with Paste Series | indicated the 


possibility of the prediction of a gel strength from various proportions of 


drv milk and flour. it was decided to extend this work with Paste Seri 


I] The amount of drv milk was held constant at various levels and the 


amount of flour was varied. A paste made with 50 gm. of flour had a gel 
strength of onlv about 190; this consistency was selected as a standard 


At this pomt ; A an f flour was used 6 gm. of it wat a gel 


strength of arion combinations of flour and non-fat dry mill 


resulting in pastes with gel strengths from 100 


y 
expanded the data from Paste Series LA 
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The results of Paste Series Il (Fig. 5) were plotted in the same manner 
This graph then forms a basis again for the pre 
It 


as for Paste Series IB. 
diction of gel strength for various proportions of dry milk and flour 


is probable that similar figures for the prediction of viscosity in thin pastes 
but our present series was not extensive enough 

milk solids contribute to the \ 
llowever 


could be drawn, 

That both the flour and non-fat dry iScos 
itv and gel strength of a flour and dry milk paste was apparent 
able to form a gel with water, this was not true of 


] its volume was at least equal to 


unless 


ile flour alone was 


the dry milk preparation alone 
r in the former case depended upon the 


that of the water. Since thickening 
yelatinization of the starch in flour, and in the latter, upon the coagulation 
f the milk protein, the two gels cannot be considered equivalent. While 


ol 
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even small amounts of flour in any mixture helped from a gel strueture 
it was evident that coagulation of milk protein contributed significantly 
to gel strength when the proportion of dry milk to flour was high 

To compare the effects of fluid milk and water as the dispersing medi 
ums, a short series of pastes was made. At all levels of dry milk (Table 1 


TABI 
Gel Strenaths of Pastes Prepa 
Fluid Mik and Water 


the pastes prepared with fluid milk hav 

prepared with water. This is probably due to 

and protein. The pI of the pastes prepared with milk was slightly lowe! 
than that of those prepared with water —a factor which mav also contribut 
to the rise in gel strength 


‘ 7 t 


After these basic studies were completed ‘ ‘ of ud 


other common ingredients of recipes Was studied To keep the work with 


a reasonable scope, the number of thin and thick pastes was iit The 


following combinations of flour and dry milk, each with $54 


vielded gel strengths close to 190 
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Viscosimeter. These combinations had a viscosity of less than five seconds, 


as determined by previous studies 
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Since these standards varied significantly with different samples of 
flour and dry milk, it was found advisable to repeat the standard with 
each new experiment. While the levels of flour had been chosen to yield 
a gel strength close to 190, the standards for the later pastes ranged from 
Gel Strength 185 to Gel Strength 205, with a few falling slightly above 
or below this range. All standards in the viscosity series fell within the 
range designated, with the exception of one series, in which the higher 
levels of dried milk became somewhat thicker. The same samples of flour 
and dry milk were used for a complete series so that the series are com 
parable within themselves. 

The results for gel strength of flour, dry milk, and water mixtures 
with three levels of sugar are presented (Fig. 6). Twenty-five gm. of 
sugar had no appreciable effect on the gel strength, but 50 to 75 gm 

‘ 


definitely lowered it. The decrease was particularly marked with 75 gm 
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of sugar. It is of interest that Woodruff and Nicoli (1931) found stareh 
gels to be softer when sugar was added. In our experiments the deereas« 
in gel strength was proportionately greater with 75 @m ’ sigar when 


in 
the ratio of non-fat dry milk solids to flour was greater 

Results with the thin pastes measured on the 
indicated that viscosity was increased by the addition of >, In gen 
eral, as more sugar was added, the viscosity was raised. It is probabk 
that this change was owing to the increase in total solids. It is interesting 


that the pastes prepared witl r only ! dry milk) were proportion 
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ately more viscous with added sugar than were the pastes containing non 
fat dry milk solids with added sugar 

To study the effect of fat on viscosity and gel strength, three levels 
five, 15, and 25 gm.—-were used. No change was observed (Fig. 8) in the 
viscosity of thin pastes. With thick pastes, however, the addition of fat 
significantly decreased the gel strength of a flour, dry milk, and water 


paste. The effect was more marked with ratios of three parts dry milk 


to one part flour and was proportional to the amount of fat added 
Three levels—five, 10, and 15 gm.—were again selected for studying 
the effect of NaCl on viscosity and gel strength. Two series of measure 





of Ory WMilk and Fiour 


Fic. 8. The relationship of flour and dry milk mixtures to gel strength at 


various levels of fat 
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ments were made, one series prepared with distilled water and the other 
with tap water No appreciable difference in gel strengths of thick pastes 
was noted when either tap or distilled water was the dispersing medium 
(Table 2). In general, the addition of NaCl had only a slight effeet on 
the gel strength with any of the levels of NaCl used in these experiments 


TABLF 


Gel Strengths of Flour, Dry Milk, and Salt Mist 
With Distilled and With Tap Water 


$54 gm 


With thin pastes, on the contrary, the VIscCOsITVy Was som what greate! 
when distilled water was used in place of tap water, even when NaC! 
was also added. According to Richardson and Higginbotham (1940), th 
swelling of starch is greater in distilled water than in salt solutions. In 
general, the viscosity increased in proportion to the amount of NaCl added 
Table % 


The final experiment in this series was a stud f the effect of altering 
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the pil on these pastes Enough NaliCO, was added to raise the pul about 
one unit, as determined by the quinhydrone electrode. Similarly, enough 
vinegar was added to lower the pH by about one unit. The average pH 
for the standard series without NalIlCQO, or vinegar was 6.9 in both thin 
and thick pastes. After the addition of NaHCQO,, the average pH of the 
thin pastes was 8.0, and that of the thick pastes, 7.7. After the addition 
of vinegar, the average pH of both thick and thin pastes was 6.0 

Raising the pH to 8.0 in the thin pastes caused a slight but inconsistent 
increase in viscosity. They were somewhat discolored as though caramel 
ized and had an unpleasant odor. The addition to thin pastes of vinegar 
sufficient to lower the pHI to 6.0 resulted in such marked curdling that the 
viscosity could not be measured 


No consistent effect was observed on gel strength of thick pastes with 
a pH of 7.7 (Fig. 9 Like the thin pastes, these were also discolored. A 
change of pH to 6.0 resulted in an appreciable decrease in the gel strength 


probably due to a partial hydrolysis of the stareh 
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SUMMARY 
yf 


i 


The properties of non-fat dry milk solids when added to mixtures « 
flour. water, or fluid milk were studied. The viscosity of thin pastes was 
measured with the Stormer Viscosimeter and the gel strength of thick 
pastes was measured with the Bloom Gelometer. 

The non-fat dry milk solids increased the viscosity or gel strength of 


pastes in proportion to the amount of dry milk preparation used The 
a reduction in the amount of 


inerease in viscosity could be adjusted by 
flour used 

It is possible to predict, 
of different proportions of the dried milk and flour from line-graphs pre- 


within limits, the gel strength of a mixture 


pared from these data 





USE OF NON-FAT DRY MILK SOLIDS IN FOOD PREPARATION 215 


The addition of 50 gm. or more of sugar decreased the gel strengtl 
of thick pastes. The addition of sugar, however, increased the viscosity of 
thin pastes. 

The addition of fat decreased the gel strength in heaviet pastes, but 
had no effect on the viscosity of thin pastes 

NaCl, in the amounts used in these experiments, had little or no effect 
on gel strengt! In thin pastes, the Nat'l inereased the viscosity to some 


degree 
The alteration of the pH to 6.0 in thick pastes resulted in a decrease 


in gel strength, while a rise in pH to 7.7 had no consistent effeet. Thin 
pastes were curdled by a decrease in pH to 6.0. At a pH of 8.0, there 


was a slight, but inconsistent, rise in viscosity. 





USE AND PROPERTIES OF NON-FAT DRY MILK SOLIDS IN 
FOOD PREPARATION ll. USE IN TYPICAL FOODS 


LURA M. MORSE, DOROTHY S. DAVIS, anv I 
] Home Economics and Dairy In 


w of California. Davis, Californ 
on, January 16 


This paper reports experiments with common household recipes to which 
non-fat dry milk solids were added. White sauces, cream SOUps, custards, 
eggnogs, chocolate puddings, waffles, and angel, butter sponge, and plain 
butter cakes were included 

The white sauces were similar to the flour, dry milk, and water mix 
tures (Part 1), except they were made with fluid milk and butter was 


added. They were prepared by the standard method. Fat and flour were 


mixed together; the milk and dry milk were then added, the mixture stirred 
for five minutes, then allowed to cook for 10 additional minutes in a double 
boiler. The viscosity was measured with the Stormer Viscosimeter while 
the sauces were hot, in order to make the measurements comparable to 
the sauces as served. The viscosity was considerably higher when the 
auces were cold 
Two commercial canned soups (tomato and asparagus) were tested with 
the addition of non-fat dry milk solids. Dry milk was stirred in and the 
mixture heated to the boiling point. The soups were tested, both hot and 
cold, with the Stormer Viseosimete 
A few custards were studied both with and without sugar 
non-fat dry milk solids, sugar, and fluid milk were weighed int 
and mixed until smooth with an electric mixer. The mixture was strained 
wl cake tin and baked in a pan of water at 165°¢ 
> minutes. It was then covered and kept in an ice refrigera 
The gel strength was measured with the Bloom Gelometet 
ed for the pastes in the previous section 
Experiments were also made with egenogs. The ingredients were mixed 
in an electric mixer and the viscosity was determined twice: immediately 
upon completion and again after one hour’s refrigeration. Viscosity was 
measured by timing the flow of n , eggnog from a 10-ml. volu 
pert 
following receipe was used to study th Teet of non-fat dry milk 


Viscosity of nidddines 


pofa double beiler. stirred 


} 


ik an additional 10 minutes 
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ViseositVv was deter 


amounts of drv milk were lded to this standard 


When actual foods wer al e al 


scosimeter and the lower level of 


pe ired to be a rang 


cosity betwee! e upp evel « vi 
the gelometet be measured, a simple test method 
was devised. . ‘ ! eight 5%), inches, top width 24, Inches, and 
was filled with the pudding mixture to within 


bottom width 
one-half-ineh of 


other 28 gm.) we 


Two small steel balls (one weighing 8.5 gm. the 
irface at one edge of the beaker. The 
to reach the bottom was timed 


balls 
this procedure with viscosimeter and 


number cf seconds 


with a stop-watch. Compat 


gelometer determinations wet ade on a few pastes (Table 1 Che results 


ndicate briefly the relationships be 
Waffles were prepared according to the following recipe 


i 


tween the three methods 


After the dr imwredients were measured into a bowl, the liquids were 


combined and added. The mixture was stirred by hand and the beaten egg 
A commercial waffle mix was also prepared accord 
non-fat dry milk solids were added to 
method deseribed above 


whites were folded in 


ing to directions on the box, and the 
it Viscosity of the batters was measured by the 


for chocolate pu ldings 


Dry milk was added to three diffe: 
before they were baked, with the falling 


ent types of cake The VISCOSITY of 
these batters was also determined 
ball method. Basic recipes these cakes are presented (Table 2 The 


plain cake was mixed by the quick method 
thirds of the liquid measured into a bowl and mixed twe 


electrie mixer. The remaining liquid and the eggs were then added 


minutes and baked in a seven-ineh round 


for 


dry ingredients, fat, and two 
minutes with 


an 

The mixture was beaten two more 

eake tin for 30 minutes at 177°C.( 350° F 

1 cake was prepared by the standard method. The egg 
| 


The ange] food 4 
whites, flavoring, salt, water, and cream of tartar were beaten together with 
a wire whisk until stiff but not dry. The flour and sugar were carefully 
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TABLI 


‘ fl if 
Sugar 
Baking powder 
(ream of tartar 
Shorter 

Milk 

Water 


Whole egg 


lth 


Egg whites % cup 
6 
14 tsp 1, tsp 


My tap. ly tsp 


a 44 
Egg yolks 
alt 


S 
Vanilla extract 


Lemon extract 14 tap. 


folded in. The eake was baked in a nine-inch tube pan for 60 minutes at 
163°C. (325°F., 

The butter sponge cake was prepared as follows: 
sugar were beaten together for five minutes. The flour and liquid, added 
The melted butter was mixed in 
350° F. 


the egg yolks and 


alternately, were stirred in carefully. 
last. This cake was baked in a nine-inch tube pan for 60 minutes at 


All foods were prepared in triplicate 
RESULTS AND DISCUSSION 


As would be expected from the results presented in Part I, the viscosity 
of the white sauces (Table 3) was increased with the addition of non-fat 
The sanees prepared with the addition of six or 12 gm 
When 25 or 50 gm 

} 


dry milk solids 
of the dry milk had excellent flavor and consisteney 


were added, however, the white sauce was less desirable. It was thick 


sticky and the dry milk could be plainly tasted 
The addition of non-fat dry milk solids to commercial canned soups 


tomato and asparagus) resulted in a produet bland and light in color 


but quite aeceptable in flavor and texture. The viscosity was somewhat in 
creased by the dry milk and was higher when the soup was cold (Table 4 
The increase in gel strength and gel stability and the decrease in pH of 
custards fortified with the dry milk preparation were proportional to the 
amount of non-fat dry milk solids added (Table 5). The addition of sugar 
apparently did not appreciably affect these properties. Although the gel 
stability, as determined by the amount of fluid lost by svneresis, was im 
proved by the dry milk, the custards resembled puddings in their texture 
The custard without dry milk was the most acceptable; one prepared with 


2 of dry milk, however, was quite palatable and had a good flavor 


> gm 
Its consistency was that of a pudding rather than a custard. Even at 
higher levels of drv milk the flavor was good but the texture was heavy 

The viscosity of eggnogs fortified with non-fat dry milk solids inereased 
in proportion to the dry milk (Table 6); this increase was not appreciably 
affected by refrigeration for one hour. Twenty-five gm. of the dry milk 
the most acceptable product. With 75 and 100 gm. of dry milk the 


rave th 


eggnogs were of good flavor but somewhat rich 
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When dry milk was added to the 


chocolate puddings, it wi 
sary to decrease the flour markedly in order to avoid excessi 
lable 7 This factor is shown 

level of drv milk was found to | 
la product good 


ai the 


ve thickening 
Viscositv 1 


eastirements 
The other 
at sticky after 24 | 


e most acceptabl 


The lowe 
vhen fresh but somew!] 
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milk solids affeeted the viscosity of wafth 
as A tendenev toward increased 


with large 


The addition of non-fat dry 
batters only to a slight degree Table 
of the waffles were excellent even 
almost one cup to each recipe 
the dry milk preparation 
in texture, volume 


browning was noticed. <All 
amounts of the dry milk (16 gm. o1 
The three cakes made with the addition of 


were successful. All were comparable to the standard 


and flavor 
sented (Table 9 
of dry milk were used 
addition of 1s gm. The angel food 


parable to the standard with all of the levels of dry milk tried 


were baked are pre 
The plain cake was very good when either six or 12 


The viscosities of the batters before they 


A noticeable dry milk flavor resulted from the 


and butter sponge cakes remained com 


We 


Waffle 


Standard 
andard 
tandard 


‘ommere 


UMMARY 


dry milk solids us common household recipes were 
studied prepared were white satices, cream soups custards, 
butter sponge, and plain 


ergnoys 


butter cakes 
f viseositv were mad with the Stormer V iscosimetet 


Determinations of 
with the ball-bearing method as previously deseribed, and with the rate 
flow from a 10-ml. volumetric Giel strength was determines 


with the Bloom Gelomete 


Non lat dry 


; 


iecessfully to fortif 


substances s dry milk preparation, which 
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high in protein as well as in other dietary essentials, adds to thi 


very 
The optbnum amount of dry milk solids 


nutritive value of the product. 
was indicated for most products. 
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INFLUENCE OF COOKING METHOD ON ASCORBIC ACID AND 
THIAMINE CONTENTS OF FOUR VARIETIES OF KALE 


(BRASSI( 


1 OLERACESA 


Te 


1WCEPHAI 


MARTHA 


Kale is an excellent source 
iorthern states, Potgivter and Cowell 
(1949 In addition, it provides other 


ENWOOD 


ey 


acid Tor 


1948 Potgiete: nd Greenwood 


’ 


Vitamins and essential minerals 


Previous work in this laboratory, Odland (1944), has shown it to be a 


ood potential source of thiamine. Becat 


ise of its resistance to frost, kal 


can be harvested in the winter months until the plants are covered with 


snow. The roots will sometimes survive the winter and sprout new leaves 


in April, thus providing early spring greens. Leaves of the kale plant 


are unusually hardy and retain their ascorbic acid and moisture longet 


than do the more succulent greens 
The relative palatability of four vai 


methods was reported from this laborato 
lerno (1949 Aseorbie acid and thiamin 


the cooked kale in that study are present 


EXPERIME> It 
PREPAI ON OF 


Four commonly accepted varieties of 


rete of kale cooked by various 
rv reeently (ireenwood and Sa 


values found for the raw and 


ed here 


OChDURI 
} 


kale were tested: Dwarf Blur 


Scotch Curled, Dwarf Green Scotch Curled, Tall Green Scotch Curled 


and Siberian. The kale was grown bv the Department of Plant Seis 


of the University of Connecticut. It was picked at 8:00 a.m. on seattered 


days from October to December or Januar 
made picking impossible. Only fresh, n 
were selected. Each leaf was wiped with 


midrib, and broken into small pieces 


inclusive. or until heavv snow 


edium-mature, uninjured leaves 


a dry cloth, stripped from tl 


After thorough mixing, 125-¢m 


vortions were taken for cooking and smaller samples for analysis 
] 


Cooking procedures, already described 


in Varying amounts of water for different 


out a cover; (b) steaming; and (e¢) press 


" 
’ ' 


n detail, included a) boiling 
lengths of time, with and with 


ire-coosing 


Ascorbic acid determinations were made bv the Loeffler and P 


method (1942 Thiamine determinations 


method, Mover and Tressler (1942 Duplicate or triplicate 


raw kale and single samples 
water were analyzed 


Total 


ad Ponting 
were made bv the thiochrome 
¢ 


S amples 0 


ooked kale a of the e« vy 


a hy ee 


= ey 
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cooling over CaSO, (Drierite) at reduced pressure, and reheating to con 
stant weight. 
STA I Al ANALYS 

The plan of the experiment was determined by the palatability tests 
and varied from vear to year and sometimes within a single season. A 
factorial design was followed throughout, and results were interpreted 
with the aid of analysis of variance and covariances 

In the 1944 and the 1945 seasons the testing dates were arranged as 
incomplete randomized pairs. In order to make varietal comparisons it 
was necessary to use the adjusted values, which were obtained by means 
of analysis according to Yates (1940 


RESULTS AND DISCUSSION 


CORBI PD 


Raw Kale: Ascorbic acid values (Table 1) show that kale is an unusu 


ally and consistently good source of this vitamin. These values are higher 
than some obtained in other laboratories. The difference may be due to 
the exelusion of stems and midribs in the present study, or to the faet 
that medium-mature leaves were selected, since it has been found that 
voung leaves have a higher ascorbic acid content than mature leaves 
Holmes (1945) and Murphy (1944 

Varietal comparisons are based on selected data for which such com 
parisons are valid. The Siberian was significantly lower in ascorbie acid 
content than the other varieties (Table 2 The Seoteh Curled varieties 
considering all the data, were found to be quite similar. The Tall een 
variety was omitted from the tests er 1945, sine 
palatable than the other varieties 

Only in the 1946 and 1947 seasons were there enough samplings to 
indicate a possible seasonal trend (Table 2). The apparent upward trend 
in 1947 is of doubtful significance in view of the lack of anv such trend 
in 1946, despite significant differences between dates. Some other labora 
tories have reported a drop in the ascorbie ix itent of kale harvested 
atter heavy frost 

Effect of Cooking: The data (Table 3) show ascorbie acid losses in 
drained kale cooked in covered and in uncovered pans The kale cooked 
in the uneovered pans uniformly showed a greater loss, which was sta 
tistically significant only in Test No. 1. When the ascorbic acid values 
for the cooking water were included (Test No. 3) there was no signifi 
cant difference. In subsequent tests the kale was cooked uncovered, sine 
strong flavors may develop in vegetables of the cabbage family when 
cooked covered 

With increase in the volume of c 1 at ) ascorbir 
lost from the boiled kale (Table 4 : from 22. 
for the smallest volume of wate er ce for the larg 
llowever, most of this loss could be recovered in the cooking water. Sines 
the tasters preferred the kale cookes » the medium amount of w 


this amount was used in later test 
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ASCORBIC A‘ 


in inereased loss in aseorbie acid 


g time resulted 
the drained, boiled kale Table 5 


Increase in cooking 
with all three cooking methods. I) 
there was a direct linear relationship between the logarithm of the cooking 
lengths of time (six 


vitamin lost when three 


time and the amount of the 
min., nine min., and 13.5 min.) were compared. Variations in cooking 
effect than variations in amount of cooking 


time, however, had much less 
water (Table 4 When the vitamin content 
included, significant differences due to variations in cooking times disap 
increase in cooking time 


of the cooking water was 


is evident that the greater losses wit! 


peared It I 
of the vitamin from the kale. Also in the 


were due to extraction of more 


steamed and in the pressure-cooked kale i in aseorbie acid 


icreased losses 


occurred with increase in cooking time 


Vean Ax 


Raw 

Boiling 
Steaming 
l’ressure-cooking 
Me in 


Loss, per ee 


Pressure-cooking and steaming resulted in significantly smaller losses 


n the drained kale than did boiling, and pressure-cook 
the cooking waters were included, 


of ascorbic acid I 
Z Table 6 When 

pressure-cooking resulted in significantly greater losses than did boiling 
Table 7). In pressure-cooking there was a slight destruction of the vita 
all three varieties in this SCeTICS of tests resulted 


ing than steaming 


min by heat. Boiling, in 
in an apparent gain. These increases seemingly were not due to variation 
in sampling but to a liberation of some of the vitamin by cooking 


As shown by analysis of covariance of the ascorbic acid content of raw 


and cooked kale, all varieties, on every date in the four years, responded 


similarly to each method of cooking 
"HIAMINE 


Raw Kale: Average thiamine values for the four varieties of kale are 
Table s These values are in general agreement with the figure 


shown 
Booher and Hartzler (1939 


189 ug reported by 
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Dwarf Blue 
Dwarf Green 
Siberian 


Mean values 


Loss or gain per cent 


Cooked uncovered 


between hai 


Vean Thiamine 


1944 Dw 
146 lw 
Dw 


1044 lw 


14946 lower 


1047 Iw 
1044 ; 
144 

1046 

1947 


‘No thiamine detern 


lividual analyses 


1944 


Adjusted mean 


irf 
ir 
ur 
irf Crreer 
f trreen 


i reen 


MARY 





eng 


Varietal comparisons f iamine were made on selected and compara 
ble data, as in the case of the ascorbic acid. Differences between varieties 
were less consistent than with the aseorbie acid (Table 9 Siberian showed 
the highest values in 1944 and 1947 and Dwarf Green in 1946 

There was no evidence of anv drop in thiamine content with advance 


4 ee Varieties showed higher values in 1947 than 


of season Table 


n 1944 and 1946 
Effect of Cookina: When kale wi ooked to the same degree of done 
in covered and uncovered pans in a sing test, the thiamine contents 
of the drained kale did not differ signific Results of this test (Dwarf 
Blue and Dwarf Gr val ooke in a medium amount of water 


follows 


No single test compared different amounts of cooking water directly 
Ilowever, in eight separate tests kale cooked in the medium amount of 


water for a medium length of time lost 2S per cent, as compared with 49 


per cent for that cooked in the large amount of water for the same length 


Practically all of the thiamine lost was vered in the cooking 
wat r 

Kale boiled for the short and medium cooking times showed no signifi 
difference in thiamine content, either in the drained kale or in the 
le plus the cooking water. The few tests made with the long cooking 
time indicated no additional losses. In the pressure-cooked and in the 
steamed kale, likewise, variation in cooking times had no significant effect 

on loss of thiamine 
Boiling, with cooking water ineluded pressure-cooking resulted 


significa 0 n thiamine Tabk n the cooking water 
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of the boiled kale was discarded, the loss averaged 3s per cent In the 
steamed kale the loss was slightly, though not significantly, greater than 
in the pressure cooked. 

As shown by analysis of covariance on the thiamine content of raw 
kale, all varieties, on every date in the three vears, responded similarly to 
each method of cooking 

St’'MMARY AND CONCLUSIONS 

The average ascorbic acid content of each of the three Seoteh Curled 
varieties of kale, through four seasons, was found to be over 200 mg. per 
100 om. of fresh leaves (exelusive of stems and midribs), or about 10 mg 

gm. of dry weight. The Siberian variety contained slightly less, about 


per 
175 mg. per 100 gm. fresh weight and eight mg. per gm. of dry weight 


Average thiamine content of the four varieties of kale (covering three of 


the seasons) was found to be about 170 pg. per 100 gm. of fresh leaves, 
or about 7.5 pg. per gm. of dry weight. No trend in vitamin content was 
noted within any season 

Of the cooking procedures that had been found to be acceptable in 


the palatability study, two were conducive to ascorbic acid and thiamine 
One was cooking at 10-lb. pressure for zero to one-half minute, 


about five per cent of the two vitamins. The 


retention 
leading to a loss of only 
other was boiling in a medium amount of water (300 ml. for a 125-gm 
portion of kale) for from six to nine minutes, with or without a cover, 
resulting in a similar loss when the cooking water was utilized. When the 
cooking water was discarded, about 50 per cent of the ascorbie acid and 
> per cent of the thiamine were lost. Longer cooking by any of the cook 
ing methods increased slightly the loss of ascorbie acid but not that of 
thiamine. Kale boiled in a smaller volume of water retained more ascorbic 
acid but was not as palatable 

An average-sized serving of kale, properly cooked or raw, contains 
more ascorbic acid than an orange. It is as high in thiamine content as 
cooked dried legumes which are one of the best vegetable sourees of this 
vitamin, and higher than other greens. It is satisfactory for prepared 
dishes and for a raw ingredient of salads, as well as for cooked greens 
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For the past 35 vears, since the paper by Withers and Carruth (191) 


gossypol, a polyphenolic vellow pigment, has been regarded as the toxic 


principle of cottonseed. The mechanical separation of the distinet mor 


phological structures known as cottonseed pigment glands, by Boatner and 
Hall (1946), and the preparation of highly purified gossypol from flaked 
cottonseed meats, Boatner, O'Connor, Curet, and Samuels (1947), and 
from extracts of cottonseed pigment glands, Castillon, Hall, and Boatnet 
1948), have led to renewed interest in the physiological properties of these 
materials 
The reports by Zucker and Zucker, that pure gossypol has an appetite 
inhibiting property: that intestinal irritation and other toxie manifesta 
tions previously ascribed to gossypol are not found with a pure preparation 
in reasonable doses (1947a): also, that purified gossvpol has no generally 
toxie properties (1947b), have led to widespread suggestions that gossy pol 
be used as an appetite-depressant in the control of obesity in man. Recent 
studies by Eagle (1949, 1950), however, have shown that repeated sinall 
doses of pure gossvpol are highly toxie to the dog. The present report 
concerns the effeet on body weight of the non-fasting rat of similar low 
dose levels of the very same samples of gossvpol administered both as single 
doses and in 11 consecutive daily doses The effect of singl doses of pure 
gossvpol at 15 different dose levels (100 to 2.400 mg./kg.) on the bodys 
weight of the fasting rat is likewise reported, 


EXPERIMENTAL PROCEDURE 

The rats (all male) were kept in individual cages in an air-conditioned 
animal room maintained at 80 + 1°F. and ea. 45 per cent relative humid 
itv. All doses of gossvpol and cottonseed pigment glands were administered 
by stomach tube in the form of an aqueous suspension. To make possibl 
the study of the effect of small single and repeated doses of pure gossy pol 
on the non-fasting rat, 30 rats weighing from 142 to 157 em.. were divided 
into five groups, average weight for each group of six rats being the sam: 

148 gm The levels of material given (as a 10-mg./ce. suspension) to 
the rats of the various groups were Group A—— 200 mg./kg. gossvpol: Group 
B-100 mg. /ke. gossvpol; Group €——50 mg./kg. gossvpol: Group D—100 
mg./kg. cottonseed pigment glands of known acute oral toxieitv (LD 

1.140 mg./kg.) and gossypol content (40 per eent); and Group E— water 
controls, one ce, distilled water per 100 em. body weight. One wee 





the same rats were giv e sam oxe levels of the same materials daily 


ny loses of ross) 


for 11 consecutive days 


pol on tl body weight of f: " F stock diet was removed from a tota 


of 85 experimental and ra period of IS hours. Water 
Was allowed ad moilum : vle doses were administered as a 
1000 me ex SUSpPelsion the ¢ animals and the 21 water con 


trols were allow ‘ ‘ ook alte ute thre “) starvat 


gossvpol, or 100 mg 
cent gossy pol showed 


Fig. 1 When the 


same dose , were repeated daily for 11 consecutive davs, however 
there was a depression in body weight proportional to the amount of 
gossypol administered. The arrows indicate the days when intubation 
occurred. Three of the six rats given repeated daily doses of 200 mg./kg 
body weight/day, died on the third day after the final (11th successive 
dose: one of the rats given 100 mg./kg./day of pure gossypol died prior 


to the 10th dose The 100 mg. kg. ‘dav dose of cottonseed pigment glands 


responded in effect on body weight i accordance with the gossypol eon 


tent (40 per cent rather than with the toxicity of the sample, for this 
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1,140 mg./kg.)} was almost two and 


2800 mg/kg 


sample of pigment glai ds (LD one 


sample of gossy pol LD . 
1950 Eleven con 


half times more toxie than the 
Eagle, Hall, Castillon, and Miller 


as determined by 
50 mg./ke day of gossy pol 


mercutiy daily doses of even 
caused a definite depression of the average body weight below 


LL.) value 


that of the water-administered controls 


1/56 of its oral 














i I+ 


. © 3.8.55 a» 
DAYS AFTER SINGLE OOSE 


doses of gossypol on bods weight of 


of 600, 1,200, 1,600, and 2,000 mg./kg. of pure gossypol 


body weight depression, 
respec tively, 14, 19 ?5. and 24 per 
eighth dav after ad 


ed to fasting rats caused considerabl 
maximum weight losses bein, 
the fourth, seventh, eighth, and 


eent, oeeurring on 
ministration of gossypol (Fig. 2). The 21 water control rats regained in 
24 hours of ad libitum feeding more than the weight previously lost from 


This weight loss, similarly determined on a total of 


fasting for 18 hours 
toxicological studies (150 


weight range used in our 


1,096 male rats in the 
These large single doses 0 


to 2?O em was found to average 14 gm 
value, still did not cause as much weight 
lost 


¢ 


gossypol, approaching the LD 
loss. however, as was noted in the starvation controls. The latter 
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weight steadily, the maximum weight loss for all 20 on the seventh 
of fasting (six days plus 18-hour fasting period for all rats) being 
per cent of the original body weight; there were two fatalities on 
eighth day of starving, a total of 10 fatalities after the ninth day, 14 
dead on the 10th day; 17/20 dead on the 12th day, 18/20 dead on the 1 
day, and no survivors (20/20 dead) on the 15th day of starvation 


yossypol, at 11 other dose levels on tl 
body weight of 65 rats which had fasted for 18 hours, are shown (Table 1 
As may be noted (F 2 and Table 1), rats which received doses of 500 
mg./kg. or less show wd recovery to starting (pre-fasting) body weight 
after the sixth day (or before) since gossypol administration ats giver 
single doses of 600 mg./kg. and higher required 
15 days vefore returning to their original star 
onset of diarrhea, and of anorexia and other 

ntoxication 1 do Eagl 


1948, 1950 we 


In the non-fasting rat loses of 50, 100, ane 


vossyv pol Lb 2800 me ane { ng rf onseed pigment 
glands (LD... 1,140 mg 
ffeet o1 body we rhit 


the same 


gossv pol 
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In fasting rats single doses of pure gossypol at 15 different dose levels 
kg. showed losses in body weight of as 
controls !ost more than 


kg or less 


from 100 to 2400 mg 
Starvation 


Single doses of DOO lug 


ranging 


much as 25 per cent within six days 

$1 per cent during the same period 

led to good recovery to pre-fasting body weight on or before the sixth day 
kg. and higher required longer peri- 


doses of 600 mg 


Single 
1 return to the 


after dosing 
starting weight oceurred. 


nine to 15 days before ; 


ods 
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Chis study was undertaken to determine the effect of various thawing 
ooking methods, including dielectric cooking, on frozen meat. Ground 
at was used in order to obtain more uniform samples than were possi 
ble with retail cuts, and to minimize variations from lot to lot. Thawing 
methods used were thawing during cooking, thawing under running cold 
water, and thawimg at room temperature. The patties were cooked by 
pan-broiling, oven-broiling, dielectric cooking without pre-browning, and 
dielectric cooking after pre-browning; the loaves were oven-baked and 
dielectrically cooked. Palatability, weight loss, drip, expressible juice, bae 
terial plate count, and retentions of thiamine, riboflavin, and niacin were 
determined 
No reports were found in the literature comparing the effect of cooking 
frozen meat by conventional and dielectric methods. Only four reports 
were found in the literature on the effect of dielectric cooking on fres| 
meat. Proctor and Goldblith (1948) reported that in cooking four ham 
burgers in a 600-ml. beaker dielectrically for one minute all of the thia 
nine and riboflavin was retained either in the patties or in the drip 
Sussman (1947) reported that (1) dielectric cooking of meat was usually 
incomplete if the meat was more than three inches thick, (2) no browning 
if meat occurred, but this did not affect palatability, and (3) some meats 
which were boiled remained tough. Bollman, Brenner, Gordon, and Lam 
bert (1948) reported lower palatability scores because of lack of browning 
Thomas, Brenner, Eaton, and Craig (1949) found no loss of riboflavin, and 
a loss of 10 per cent thiamine from six pork patties during dielectric cook 


ing, and a 20 per cent loss of thiamine during grilling 


EXPERIMENTAL PROCEDURI 
Weat Preparation: The pork was obtained from the Animal Ilusbandry 
Department at Cornell University. The entire lot was prepared from two 
Yorkshire barrows which had been fed, managed, and slaughtered under 
normal conditions. The shoulders, sides, and hams were cut into approxi 
mately two-inch cubes, mixed by hand, ground with a large-capacity 
Hobart meat chopper having a one-eighth-inch plate with drop-forged 


hardened knives: then remixed, and reground No seasoning was 


iform patties were shaped in paraffin-coated cardboard rings 


in diameter and five-eighths inch deep. Each 
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patty weighed one-fourth pound (113.6 gm Immediately after shap 
ing, the patties were arranged on aluminum trays which were placed for 
approximately two hours on a primary freezing area having a tempera 
ture of 28.8°¢ Is°F Each patty was then tightly wrapped in 
aluminum foil and stored at —24.4°C 13°F.) until tests could be mad 
from six to 18 weeks. The loaves, two pounds each (907 gm.), were molded 
in metal pans, two and one-half by four by six inches. The loaves we 
frozen, wrapped, and stored in the same way as were the patties 
Thawing Methods: The meat, except that cooked from the froze 
was thawed in the original wrappings at room temperature, 18.5 to ° 
65 to 75°F.), to an internal temperature of 2.8°C.(37°F Some 
witties were thawed in running cold tap water, 4 to 15.5°C.(39 to 
to the same internal temperature, In obtaining the temperatures, a record 
ing potentiometer was used 
Cooking Methods: The patties were cooked bs four methods: (1) Pan 
broiling in a heavy aluminum skillet over a gas burner, (2) oven-broiling 
two inches from the gas flame, with the oven set at 302°C.(575°F.), (3 
dielectrically.? without pre-browning, in a glass * well-and-tree platter with 
an inverted glass plate over the patties to prevent loss from spattering, 
and (4) dielectrically with pre-browning in an electrical searing unit,* using 
same utensils as in the previous method. The pan-broiled and oven-broiled 
patties were turned once during cooking, when they had reached an int rnal 
temperature of 69.5" 10°F They wel removed when they reached 
an internal temperature of 80°C.(185°F The dielectrically cooked pat 
ties were cooked to an average internal temperature of S87.8°C.(190°F 
cooking time averaged 3.1 minutes for the pre-thawed patties, and 4.5 
minutes for the unthawed patties. The pre-browned, dielectrically cooked 
patties were also cooked to an average internal temperature of S7.8°C 
190° R Pre-browning required two to two and one-half minutes; the 
thawed patties were cooked dielectrigally 14 minutes and the unthawed 
2.3 minutes 
The loaves were baked uncovered on a glass* well-and-tree platter in 
a household gas oven at 176.6°C.(350°F.), to an internal temperature of 
878°C. (190°F They were also dielectrically cooked to an internal tem 
perature of S85 to S78" 185 to 190°F.) on a well-and-tree platter. but 
covered loosely with an inverted glass bowl to prevent spattering 
Thawing and cooking temperatures were recorded continuously with a 
potentiometer, with the exception of the dielectrics llv cooked samples. In 


les Therefore 


the latter case, it was impossible to use the thermocou 


' 
the final temperatures were obtained with stainless steel expansion-typr 


thermometers 

In each uly, a cooking unit consisted of five one-fourth-pound pat 
ties, or of one two-pound loaf. Each studv was made five times 

All of the cooked meat was « to room temperature before it was 


te sted 
ry Company 


(ompany 
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Palatability: Palatability was determined by a panel of eight to 10 
experienced judges, men and women, At each test, five or six randomly 
selected meat samples were judged for each of six characteristics: external 
color, crust quality, internal color, tenderness, juiciness, and flavor. Scores 
ranged as follows l very poor, Z poor, } slightly poor, 4 borderline 
minus, 5—borderline, 6-——borderline plus, 7—slightly good, 8——good, 9—very 
good, and 10—excellent. The meat was also ranked in order of preference: 

Expressible Juice: Three of the five patties from each cooking unit were 
finely ground in a household meat grinder, thoroughly mixed, and 100-gm 
samples taken for testing with a Carver Press. The weighed portion of 
meat was divided into four parts which were placed in the cylinder of the 
press on a felt pad and separated by five pieces of filter paper. A second 
felt pad was placed on the top and the plunger placed in the cylinder. Th 
pressure was raised approximately 1,000 pounds a minute over a 15-minute 
period. It was released as soon as a final pressure of 13,000 pounds was 
obtained. The per cent expressible juice was determined from the loss of 
weight of the meat 

Bacterial Plate Counts: Plate counts of the pork, before and after 
freezing, and after cooking, were made by the method of the Committee of 
Standard Methods for the Microbiological Examination of Foods (1946 

Analytical Procedure: Samples for thiamine and riboflavin analysis 
were prepared by the combined extraction method of Conner and Straub 

1941b). Samples were extracted with O.1IN HCl; 0.5 gm. of pepsin 

was added to each 25-gm. sample, and the samples were then incubated 
overnight at 37°C.(99°F Thiamine was determined by the thioehrom 
method of Hennessy and Cereeedo (1939), as modified by Conner and 
Straub (1941a), and by Hennessy (1941 Riboflavin was determined by 
the method of Mackinney and Sugihara (1942). 

Nivcin determinations were made by the microbiological method of 
Snell end Wright (1941 

Statistical Treatment: A statistical analysis was made to determin 
whether observed differences were real, or merely attributable to experi 


mental variation. Mathematical significance was calculated by Student's 


t’’ metho the five per cent level, Snedecor (1946 
DISCUSSION OF RESULTS 
Thawing and Cooking Times: Thawing of the pork patties required 
approximately 90 minutes at room temperature, and 30 minutes under 
running co!d water. Thawing under water was less desirable, however, 
because the patties frequently absorbed water. This finding is in agre« 
ment with that of Westerman, Vail, Tinklin, and Smith (1949 
The loaves required an average of six and one-half hours to thaw at 
room temperature. No visible drip occurred during thawing 
Thawing pork patties prior to cooking shortened the conventional cook 
ing times b five mint or less. and the dieleetri cooking by less than 
two minutes. 
Thawing loaves ; om temperatures prior to cooking shortened thi 


baking time bv : mi and t dielectric cooking by less than 
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four minutes (Table 1). Thus, thawing prior to cooking was of practical 


advantage only in baking 

Dielectric cooking of the patties required about one-seventh the time 
required in pan-broiling, and about one-fourth the time required in oven 
broiling Dielectric cooking of the loaves required about one-tenth the 


time required for oven-baking. These results are similar to those of Boll 


man ¢f al, (1948 
LF 


and Thawed Pork Patties and 


Thawing 


l’atties 

Pan-broiling 

Oven broiling 

Dielectric without pre browning 

Dieleetrie with pre browning (total time 
‘re browning 

Dieleet ric 

Louves 

Oven baking 

Dielectric 


ach va 


Palatability: All patties received similar palatability scores with the 


exception of those cooked dielectrically without pre-browning. They were 
ve (** borderline in external 


pale in color and reeeived scores below fi 
color and crust quality. All other patties were scored from 7 


‘*shehtly good’? and ‘** good to ‘‘very 


6 to &4 


in these qualities (from between 
sood"’). The unbrowned dielectrically cooked patties contained scattered 
dehydrated areas. Scores for flavor of patties cooked dielectrically with 
out pre-browning averaged 7.7, and of all other patties, 8.4 

Seores for internal color, tenderness, and juieiness were similar for 
patties cooked by all methods (Table 2 

Average total score for the dielectrically cooked patties without pre 


browning was 6.9 (just below ‘ slightly good ’’ and for those cooked by 


the other methods, 8.3 (above ‘* good’”’ 

In dielectric cooking, heat is produced simultaneously throughout the 
outer two inches of the food. The temperature, however, may not be uni 
form throughout the heated portion. In conventional cooking, the heat 
vradually penetrates the food from the surface inward. No browned 
surface is formed in dieleetrie cooking, owing to the uniform heating 
Palatability scores of the meat were related to surface browning. No 
‘off-flavors’” were reported, but rather a lack of flavor 

The pre-browned dielectrically cooked patties were scored as high in 
all characteristics as were those cooked by conventional methods. Boiflman 

1948) reported similar results: thin euts of meat pre-browned and 
er omparable to grilled produets 
were igher than were the dieleetricall 
} 


! ri ial \ ternal olor avor are 
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tenderness. The surface of the dielectrically cooked loaves was pale, like 
the patties Juiciness scores of loaves cooked by all methods were about 
the same (Table 2). The dieleetrically cooked loaves were cracked, and 
considerable areag of surface dehydration occurred 

Seores for juiciness of both patties and loaves, cooked by all 
methods, were about the same. These results were confirme 
that there were no significant differences in per cent expressible juice 
the patties and the loaves cooked by the several methods. 

Patties thawed during cooking were high in order of preference mor 
frequently than those thawed prior to cooking. Room temperature thawed 
patties were preferred over those thawed under running cold water 
Pan-broiled patties ranked highest in order of preference. Oven-broiled 
and pre-browned dielectrically cooked patties, however, were preferred al 
most as often. Patties dielectrically cooked without pre-browning were 
appreciably lower in order of preference 

Loaves baked from either the frozen or thawed state were preferred 
over any of the dielectrieally-cooked loaves. Of the oven baked loaves 
those thawed at room temperature were more frequently preferred than 
those thawed during cooking. This may have been because the pre-thawed 
loaves were more uniformly cooked. In dielectric cooking, however, loaves 
cooked from the frozen state were preferred. This apparent anomaly is 
probably explained by the fact that the frozen loaf was thawed more uni 
formly by dielectric heating than by conventional methods 

The order of preference in each study was in agreement with the nu 
merical palatability seores 


Weight Loss: Weight loss during the cooking of pork patties averaged 


o4 per cent Table 3): no significant differences were observed owing 


and ¢ king Methods on Loses of 3 ight and « 
Pork Patties and Loaves, and the I sible J ui 





either to thawing or e 1) iethods. These results are similar to those 
in the literature. Bollman ef al. (1948) reported that in thin 

meat such as patties, chops, and steaks, wenyzht loss was approxi 

mately the same in dielectric and conventional cooking methods. Vail 
Jeffery, Forney, and Wiley " that the method of thawing 


osses of frozen 


probably made no real differe per cent cooking 
beefsteak and pork roasts alen, } r, Tinklin, and Vail (1948) reporied 


11.53 per cent weight lo ring braising of pork steaks thawed at room 
temperature 
Average weight loss from tl ; during cooking was 42 per cent 
No differences were observed due ‘ lg ng or eooking methods. Work 
¢ with roasts rather than ground meat, Bollman ef al. (1948) found that 
dielectrically cooked roasts lost 20 ent more weight than did conven 
tionally cooked roasts 
Drip Loss: Pork patties averaged 
per cent (Table 3 Drip losses in the patties could not be correlated with 


» 
{ 


20 per cent drip loss and loaves 19 


any of the thawing or cooking methods. No differences in drip loss from 
loaves, due to thawing methods, were observed. Oven-baked loaves, how 
ever, lost from four to five per cent more drip than did the clielectrically 
cooked loaves. 

Erpressible Juice: Expressible juice varied from five to 15 per cent 
in the patties and from six to 17 per ce i the loaves cooked by the sev 
eral methods (Table 3 No consistent differences owing either to thawing 
or cooking methods occurred. This is probably to be expected, since pala 
tability scores for juiciness were not affeeted by the cooking method 

Bacterial Plate Counts: The plate count of the fresh raw pork aver 
aged 16,000 organisms per gm. and of the frozen raw pork 15,000 per 
gm. These figures are considerably lower than the limiting standard of 
10,000,000 suggested by Elford (1936) for fresh ground meat. Aftet 
thawing, the plate count increased from 15,000 to 30,000 per gm., when 
thawed at room temperature, an 32.000 when thawed under running 
cold water. Plate counts of cooked pork samples were always smaller 
they ranged from less than 30 to 720 organisms per gm. No differences 
due to thawing or cooking methods were observed 

Vitamin Content and Retention: Average vitamin content of the frozen 
raw pork was thiamine 0.50 mg., riboflavin 0.19 mg., and niacin 2.64 mg 
per 100 gm lable 4 No appreciable losses occurred during thawing 

Table 5 
Average thiamine retention in the drained patties was 85 per cent 
Table 6). No statistically significant differences were found exeeypt in 

the water thawed dielectrically cooked patties, which had a lowered reten 
tion. No explanation is offered other than some leaching of thiamine may 
have oceurred during the water thawing. Five per cent of the original 
was found in the drip in entional methods, and 15 per cent in 
the dielectrical methods. Lit of the thiamine was destroved in 
anv of the cooking method ‘otal re ions ranged from 86 + 2.4 to 109 

6.3 per cent ar renees were istically significant 

Thomas et al : rt lielectrically cooked pork patties 
retained 91 per cent of t] nine, 4 grilled patties 7 r cent. These 
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ABLE 4 
nia on Thiamine, Riboflavin, and Niacin Cont 
ik Patties and Loaves 


Uneooked ground pork 
(‘ooked patties 
Pan-broiled 
Oven broiled 
Dieleetrie without pre-browning 
Dieleetrie with pre browning 
Average Cooked 
Cooked loaves 
Oven baked 
Dieleet ric 


Average cooked 


rABL ES 
Thiamine, Riboflavin, and Niacin in Pork Patties and Loaves 
Thawed at Room Temperature and Lnder Running Cold Water 
Riboflavin 


pet 


100 Qt 
105 4 


workers found that retention in drip of the dieleetrically cooked samples 
was 13 per cent. Perhaps the higher retention in the dielectrically cooked 
samples was owing to the fact they were cooked in beakers. This resulted 
in smaller surface exposed than in the grilled patties 

Retentions of thiamine in the patties used in this study are higher than 
those reported in the literature for unfrozen pork chops; Jackson, Crook, 
Malone, and Drake (1945) found an average retention of 56.8 per cent, 
and Vail and Westerman (1946) an average of 59.1 per cent 

The average thiamine content of one pork patty, 75 gm. cooked weight 
was 0.47 mg., which is about one-third of the daily allowance recommended 
by the National Research Council (1948 

Loaves thawed at room temperature and baked dieleetrically retained 
10 per cent more thiamine in the drained cooked meat than did loaves 
cooked by the other three methods. This may have been owing to the 
very short cooking time required, or to experimental error of the thiamine 
method. No other differences were observed 

From 2 + 0.8 to 7 + 1.7 per cent of the thiamine was found in the drip 
of the loaves: total retentions ranged from 66 + 4 1 to 74 + 3.9 per cent 
These retentions are slightly higher than some of the retentions for pork 
roasts found in the literature. MeIntire, Schweigert, Henderson, and El 
vehjem (1943) reported 70 per cent; Jackson et al. (1945) 46 per cent 
and Vail and Westerma 1946) 55.3 per cent retention in pork roasts 
Hotaling and Fenton (1946) found 80 to 88 per cent retention in soy 


extended pork loaves 





yulmuD Y lL 


YOO) UU puo 
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The apparent riboflavin retentions in the drained cooked patties ranged 
from 61 + 7.4 to 144 + 13.4 per cent; in the drip from 7 + 2.5 to 12 
0.7: and in the total from 73 + 9.8 to 156 13.9 per cent. The exces 
sively high retentions were probably due to inadequate analytical methods 
for riboflavin 

Riboflavin retentions in the loaves ranged from 77 + 3.58 to 89 1.2 
per cent in the drained meat; from 4 + 0.7 to 5 + 0.5 in the drip; and 
from 81 +: 5.6 to 94 + 3.6 in the total. In the loaves cooked dielectrically 
from the frozen state, slightly less riboflavin, eight per cent, was retained 
in the drained meat and in the total, than in those cooked by any of the 
other three methods 

Niacin retentions ranged from 88 + 4.6 to 104 + 2.6 per cent in the 


drained patties, from 3 + 0.5 to 15 0.7 in the drip, and from 93 3 
to 113 7.7 in the total. Drip from dielectrieally cooked patties tended 
to have a higher niacin content, although the differences were not always 
significant. No other differences were observed. 

Approximately the same niacin retentions were observed in the loaves 
and in the patties; the drained cooked loaves retained from 8S 4.2 to 
100 1.1 per cent; the drip from 6 1.2 to 12 + 2.0; and the total from 
100 + 6.8 to 107 + 6.5 per cent. No statistically significant differences 
oceurred, except that dielectrieally cooked loaves which had been thawed 
at room temperature had a higher apparent retention of niacin in th 
drip. No explanation is offered. 


SUMMARY 


Ground pork was frozen in one-fourth-pound patties and in two-pound 
loaves The meat was cooked either directly from the frozen stat ol 
after thawing at room temperature. Some patties were thawed under run 
ning cold water prior to cooking. Cooking methods for the patties included 
conventional methods of pan-broiling and oven-broiling, and dieleetric 
cooking with and without pre-browning. Loaves were oven-baked and 


dielectrically cooked 


The five patties cooked dielectrically required one-seventh the tim: 


required in pan-broiling, and one-fourth the time required in oven-broil 
ing. One-tenth the time was required in dielectrically cooking the loaves 
as in oven-baking. Since cooking time is a function of mass in dieleetr 
cooking, this relationship would vary with the amount ach cooking lot 
Pan-broiled, oven-broiled, and pre-browned dielectrically cooked patties 
were judged desirable in all qualities. Unbrowned dielectrically cooked 
| 


patties were scored lower in external color, crust quality, internal color 


ind flavor. Patties thawed during cooking were more frequently preferred 
than those pre-thi |. Pan-broiling ranked highest in order of preference 
n- cooking me en-baked loaves were preferred over dielectrieall 


quality 
internal color, flavo endern T lieleetric ¢ iv without 
browning of patti i of loaves Si 1 y FT was be 

of lowered pi 


drated areas 
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No significant differences in weight and drip losses due to thawing and 
Average weight loss from the patties was 


ooking methods were observed 
cent Average drip loss from the 


34 per cent, and from the loaves 42 per 
patties was 20 per cent, and from the loaves 19 per cent 

Expressible juice values confirmed the palatability scores for juiciness 
t differences in the juiciness of meat, owing to 


aainere itl 


indicating that no consister 
cooking method, occurred 
A slight decrease in the bacterial 
raw meat increased during thawing 
the thawing or cooking method, were low 


plate count oceurred during freezer 


storaye. Counts in the but counts in 
the cooked meat, regardless of 
less than 30 to 720 organisms per gm 

in the drained cooked patties averaged So per cent 


Thiamine retention 
the drip averaged five per 


during all cooking methods. The thiamine in 
cent in conventional methods, and 15 per cent in dielectric methods. An 
63 per cent of the thiamine was retained in drained cooked 
in the drip. The thawed dielectrically 


average of 
loaves, and five per cent was found 
‘ooked loaves retained 10 per cent more thiamine than did any of the other 


loaves 


Drained cooked patties retained an average of 96 per cent of the ribo 


flavin; the rest was found in the drip 
Loaves retained an average of 85 per cent of the riboflavin in’ th 
drained cooked meat, and four per cent in the drip 


Niacin retentions averaged 97 per cent in the drained cooked patties 


and 95 per cent in the loaves; the rest of the niacin was found in the drip 
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The effect of thawing and cooking methods on frozen ground pork has 
been previously reported by Causey, Andreassen, Hausrath, Along, Ram 
stad, and Fenton (1950). The objective of the study reported herein was to 
determine the effect of these treatments on frozen ground beef. The beef 


patties were thawed during cooking and also at room temperature. The 


meat was cooked by four methods: Pan-broiling, oven-broiling, dielectric 
cooking without pre-browning, and dielectric cooking with pre-browning 
Palatability, weight loss, drip loss, bacterial plate counts, and retentions 
of thiamine and riboflavin were determined as in the previous study on 
pork. Retention of lysine was also determined, The analysis of niacin was 
omitted 
EXPERIMENTAL PROCEDURE 

Veat Preparation: The beef was obtained from the Animal Husbandry 
Department at Cornell University. The entire lot was from the musel 
meat of the upper right quarter of two-year-old, commercial grade Angus 
steer. The beef was prepared and frozen in one-quarter-pound patties, as 
previously deseribed (Part | of this study 

Thawing Methods: The patties, except for those cooked direetly from 


the frozen state, were thawed in the original wrappings at room tempera 


De ha 


ture, 18.3 to 23.8°C.(65 to 75°F.), to an internal temperature of 
37°F .). 

Cooking Methods: The beef patties were cooked bs the four methods pre 
viously described by Causey ef al. (1950). Patties, cooked by pan-broiling 
and oven-broiling, were turned when they reached an internal temperature 
of 62.8°C.(145°F.) and removed when they reached 74°C.(165°F Pat 
ties dielectrically cooked without pre-browning were cooked 4.4 minutes if 
frozen and 5.3 minutes if thawed at room temperature. The final internal 
temperature averaged 96.6°C.(206°F Dielectrically cooked patties with 
pre-browning were seared on both sides for a total average of 2.5 minutes 
and dielectrically cooked an average of 1.8 minutes. The final internal 
temperature was 80°C.(176°R 

Effects Measured: Palatability tests, bacterial plate counts, analytical 
procedures, and statistical treatments were made as previously deseribed 
Lysine was determined by the microbiological method of Dunn, Shankman, 
Camren, Frankl, and Rockland (1944 using Leuconostoc mesenteroides 


P.-60. Samples were hydrolyzed enzymatically by the method of Evans 


1946 


ind the 
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DISCUSSION OF RESULTS 
Thawing and Cooking Times: Beef patties required an hour and a half 
to thaw at room temperature. No drip during thawing was observed. Thaw- 
ing prior to cooking shortened the conventional cooking from three to eight 
minutes. Pre-thawing made no appreciable saving of cooking times with 
dielectric cooking (Table 1). 


ing Times for Frozen and Thawed Beef Patties 


Thawing method 


Cooking method i g om tem 
’ perature! 

min. + SE 

15.0+0.3 


10.4+0.5 


Pan-broiling 

Oven broiling 

Dielectrie without pre-browning 
Dielectric with pre-browning (total time 


5.320.2 
1.0 
(2.2+0.1) 


Pre- browning 
(1.82%0.1 


Dielectric 


' Each value is the average of five replicates 


Dielectric cooking methods required about one-third to one-fourth of 
the time required for pan-broiling, and about one-half the time for oven- 


broiling. These cooking times are in agreement with those of Bollman, 
Brenner, Gordon, and Lambert (1948 

Palatability: in the six palatability characteristics scored, beef patties 
cooked by the three methods which involved surface browning were con 
sistently scored at least one grade higher than the unbrowned dielectrically 
cooked patties (Table 2). Pork patties, on the other hand, received about 
the same scores in internal color, tenderness, and juiciness, regardless otf 
method of cooking. The dielectrically cooked patties without pre-browning 
were scored lowest in external color, crust quality, and flavor. Pan-broiled 
oven-broiled, and pre-browned dielectrically cooked beef patties averaged 
‘*good’’ or better in each factor; dielectrically cooked patties without pre 
browning averaged almost ‘‘slightly good’’ in each characteristic 

There were no consistent differences in the order of preference attrib 
utable to the thawing method. Pan-broiling was most often placed first 
in order of preference of cooking method, but oven-broiling was a close 
second. Pre-browned dielectrically cooked patties were third 

The judges’ order of preferences were in agreement with the sum of 
numerical scores for specific characteristics; the dielectrically cooked pat- 
ties without pre-browning were the least desirable 

Weight Loss: Weight loss was greater in patties thawed prior to cook 
ing than in those cooked from the frozen state. Dielectrically cooked patties 
had greater weight loss than did the convention ally cooked patties. 

Drip Loss: Conventional cooking methods, with one exception, resulted 
in significantly less drip loss than did the dielectric cooking methods. The 
thawed, oven-broiled patties did not have significantly less drip loss than 
patties cooked by dielectric methods (Table 3 A slight trend toward 
more drip from the patties thawed prior to cooking, than from those cooked 


from the frozen state, was observed 
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Thawing and Cooking Methods on Loss of 
Drip From Frozen Beef Patties 
Weight 
Thawing +S} 


20.3209 


During J. Pan-broiling 


eooking ’, Oven broiling °LG+1.7 


Dielectric without pre browning 4.4270 


Dieleetrie with pre browning °5.67+1.2 


Room » Pan-broiling 
temperature 6, Oven-broiling 
7. Dieleetrie without pre browni 
8. Dieleetric with pre browning 
*Kach value is the average of five replicates. Signi ant differe 
Weight loas 
1, and 
and 
and 4 
4, and 7, 2 


and 5,6 


Bacterial Plate Counts: Plate counts for the raw beef averaged 263,000 
per gm. This count is lower than the limiting standard of 10,000,000 sug 
gested by Elford 1936) for fresh ground meat. After cooking, plate 
counts were 50 organisms per gm. or less, regardless of thawing and cooking 
methods 

Vitamin Content and Retentions: Average vitamin contents of the fro 
ven raw beef were thiamine 0.08 mg. and riboflavin 0.20 mg. per 100 gm 

Table 4 
rABI i 
king Methods on Thiamine, Riboflavin, and ] 


Content of Froven Beef Patties 


Average cont 
Riboflavir 
Uneooked ground beef 
‘ooked patties 
Pan broiled 
Oven broiled 
Dielectric without pre browning 
Dielectric with pre browning 


Average 


The average thiamine retention in the drained cooked patties was 84 
per cent (Table 5 The only significant differences observed were the 
somewhat lower retention in the thawed, unbrowned, dielectrically cooked 


patties and the somewhat higher retention in the thawed, pre-browned, 
dielectrically cooked patties. Thiamine in the drip averaged 1.5 per cent 
in conventional cooking methods and five per cent in dielectrical methods 


More drip was formed during dielectrical cooking than during cooking 
by conventional methods. No doubt there was a direct relationship between 
amount of drip and the amount of thiamine leached into it. Similarly, in 
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Part I of this study, more thiamine was found in the drip of dieleectri 
cally cooked pork patties than in the drip of those cooked by conventional 


methods. 

Total thiamine retention in beef patties averaged 87 per cent. With 
the exception of the thawed pre-browned dielectrically cooked beef, men 
tioned above, no significant differences oecurred 

Thiamine retentions in fresh beef as reported by Tucker, Hinman, and 
Halliday (1946) were 89 per cent in fried round and 70 per cent in broiled 
loin. Thomas, Brenner, Eaton, and Craig (1949) found +9 per cent thia 
mine retention in fresh beef patties cooked dielectrically in single units, 
and 77 per cent when cooked in units of six. The only conventional cook 
ing method used was grilling, in which the retention was only 55 per cent 

Riboflavin retentions in the drained patties averaged 79 per cent. Re 
tentions in the patties cooked dielectrically tended to be lower than in 
those cooked by conventional methods. Riboflavin in the drip averaged 
seven per cent. The only significant difference was an increased retention 
in the drip of patties thawed and dielectrically cooked without pre-brown 
ing. The amount of drip was also larger. Total riboflavin retentions aver 
aged 86 per cent, the only significant difference being the low retention, 
76 per cent, in the unbrowned patties dieleetrically cooked from the frozen 
state. This difference may have been due to experimental error in the ribo 
flavin method. Tucker et al. (1946) found riboflavin retentions of 90 per 
cent in fried fresh round, and 77 per eent in broiled loin. Thomas et a/ 

1949) reported riboflavin retentions of approximately 100 per cent in 
fresh beef patties, both dielectrically cooked and grilled 

Lysine Content and Retention: Average lysine content of the frozen raw 
beef was 3.08 gm. per 100 gm. (Table 4 

An average of 89 per cent of the lysine was retained in the drained 
cooked patties. Only small amounts of lysine were found in the drip, about 
0.02 per cent. This amount is within the error of the method. 

These results are similar to those of Beuk, Chornoeck, and Rice (1948 
and of Wilder and Kraybill (1947), who found no losses oceurring during 
autoclaving of fresh and cured pork, and pork luncheon meat 


SUMMARY 


Quarter-pound frozen ground beef patties were cooked from the fro- 
zen state and after thawing at room temperature. Cooking methods were 
pan-broiling, oven-broiling, dielectric cooking without pre-browning, and 
dielectric cooking with pre-browning. 

Patties cooked dielectrically required from one-fourth to one-half the 
time required by patties cooked by conventional methods 

Pan-broiled, oven-broiled, and pre-browned dielectrically eooked patties 
were judged desirable in all qualities scored. Patties cooked dielectrically 
without pre-browning were scored lower in all six palatability factors. 

Conventionally cooked patties averaged 24 per cent weight loss, which 
was significantly less than the average of 32 per cent from dielectrically 
cooked patties Less weight loss occurred from patties cooked from the 
frozen state than from patties thawed before cooking. 
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Drip loss corresponded to weight loss, with less drip loss from conven 


tionally cooked patties. Thawing prior to cooking tended to increase the 
drip loss during cooking 

All bacterial plate counts of the cooked beef were less than 50 organisms 
per gm., regardless of the thawing or cooking method 

Thiamine retentions in the drained cooked patties averaged *4 per cent 
Thiamine in the drip averaged 1.5 per cent in conventional methods and 
five per cent in dielectric methods 

Riboflavin retention in the drained beef patties averaged 79 per cent, 
and in the drip, seven per cent 

Lysine retentions in the drained patties averaged 89 per cent; negligibl 


amounts were in the drip 
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No reports were found in the literature on the effect of cooking on 
frozen lamb, or of dielectric cooking on either fresh or frozen lamb. Only 
one report—Melntire, Schweigert, and Elvehjem (1943)-—was found on 
the effects of broiling lamb 

The effect of thawing and cooking methods on frozen ground pork and 
beef has been reported previously by Causey, Andreassen, Hausrath, Along, 
Ramstad, and Fenton (1950a and b The objective of the third part of 
the study reported herein was to determine the effect of these treatments 
on frozen ground lamb, Lamb patties were thawed during cooking and at 
room temperature. The patties were cooked by pan-broiling, oven-broil 
ing, dieleetrie cooking without pre-browning, and dielectrie cooking with 
pre-browning 

As in the study of beef, palatability, loss of weight, drip, bacterial plate 
counts, and retentions of thiamine, riboflavin, and Ivsine were determined 


EXPERIMENTAL PROCEDUR] 


Meat Preparation: The lamb was obtained from the Animal Hus 
bandry Department at Cornell University. The entire lot was from the 
muscle meat of three nine-month-old, choice grade Western lambs. The 
meat was prepared and frozen in one-quarter-pound patties as previously 
described {Causey ef al 1950a 


7 hawing Ve th nds: The patties ePXCE pt f¢ r those cooked from the frozen 


state, were thawed in the original wrappings at room temperature, 138.5 to 


(.(65 to TH°R to an internal temperature of 2.8" ¢ 7° F 


Cooking Methods: The lamb patties were cooked as described for pork 
Patties, cooked by pan-broiling and oven-broiling, were turned when thes 
reached an internal t mperatiure of 62.8°C.(145°F and removed wher 
they ihed 85°C. (165° F 

Dielectrically cooked patties without pre-browning requi an averag 
f six minutes for cooking direetly from the frozen state > minutes 
for eooking after thawing at room temperature. The final internal ten 
perature averaged 95.6°C. (?904°F 

After pre-browning on both sides for a total average of 2.6 minutes 
cooking of frozen patties was finished dieleectrically in an average of 1.7 
minutes, and cooking of thawed patties in 1.5 minutes. Final internal 


temperature averaged 90.6°C. (195° F 


ondueted under 
earch, U.S N 
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Effects Measured: Methods used in bacterial plate counts, analytical pro 


cedures, and statistical treatments were the same as pres iously deseribed 


DISCUSSION OF RESULTS 
Thawing and Cooking Times: The lamb patties required an average 
of one hour and 45 minutes to thaw at room temperature to an internal 
temperature of 28°C. (37°F No drip was observed. Thawing prior to 
cooking shortened the cooking time of conventional methods by from three 


to five minutes, and dielectric methods by less than two minutes ( Table 1 


Thawed Lamb Pattie 


Thawing method 


Pan-broiling 
Oven- broiling 
Dieleetric without pre-browning 
Dielectric with pre browning (total time 
l’re- browning 
Dieleet ric 


awh Valine if an aver 


Dielectric cooking methods required about one-fourth the time for pan 
broiling and about one-third that for oven-broiling 

Palatability: All of the lamb patties scored well above ‘‘good’’ in 
internal color and flavor. No differences in the seores for these two char 
acteristics in the patties thawed, and cooked by the different methods 
occurred, In all of the remaining palatability characteristics, the pan 
broiled, oven broiled and pre browned dielectrically cooked patties were 


scored ‘*good’” or better. This was higher than scores for patties dielec 


trically cooked without pre-browning. Similar results were found witl 


pork and beef 

Lamb patties thawed during cooking were preferred by the judges 
over those thawed at room temperature. This same order of preferences 
was observed with the pork patties 

Pan-broiled patties were first in order of preference and the patties 
cooked dielectrically without pre-browning were lowest. This preference 
was also found with pork and beef. The pre-browned dielectrically cooked 
patties ranked second and the oven-broiled patties third 

Order of preference ranks were in agreement with the numerieal sums 
of the palatability scores 

Weight Loss: With one exes ption, the weight loss of the dielectrically 
cooked patties without pre-browning was significantly greater than that of 
those cooked DN conventional and pre browned dielectric methods (Table 
}). Although weight loss of the thawed, oven-broiled patties was less thar 
that of the dielectrically cooked patties, the difference was not statistically 


significant 
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NUTRITIVE VALLE OF FROZEN GROUND MEAT. Il. LAMB 


TABLE 3 
Thawing end Cooking Methods on Loas of Weight and « 
Drip From Frozen Lamb Patties 
Me‘hod Weight Dris 
loss! lows ! 
pet. +S8.E pet. +S8.E 
During l. Pan-broiling 29.221.4 11.8+0.4 
cooking '. Oven-broiling 33.8 -60.6 13.920.2 
Dielectric without pre-browning 40.520.3 20.908 
4. Dielectric with pre-browning 18.6+0.8 


Room ». Pan-broiling 34.41. 13.32~0.1 
temperature 6. Oven-broiling 36.82%: 16.4+0.3 
Dielectric without pre- browning 40.70. °4.0+0.6 
8. Dielectric with pre-browning 32.72+1.7 15.7208 
is the average of five replicates. Significant differences were noted betwee 
Weight loss Dri 
and 1,2, 4,5 and 
and 1,2, 4,5, 8 t, and 
5, and 


and 3,7 
, and 3 


4 


Drip Loss: The drip loss of the lamb patties tended to be greater from 
the thawed patties than from those cooked from the frozen state. Patties 
cooked by conventional methods tended to have less drip loss than those 
cooked dielectrically 

Bacterial Plate Counts: Plate counts of the raw lamb averaged 63,000 
per gm. This count was lower than the limiting standard of 10,000,000 
suggested for fresh ground meat by Elford (1936). After cooking, th 
plate counts were 30 organisms or less per gm., regardless of thawing or 
cooking methods. 

Vitamin Content and Retention: The average vitamin content of the 
frozen raw lamb was thiamine 0.07 mg., and riboflavin 0.18 mg. per 100 
gym. (Table 4) 

Average thiamine retention in the drained cooked patties was 86 pet 
cent (Table 5). The only significant difference was that the thawed oven 


broiled patties retained slightly less thiamine than patties cooked by three 
of the other methods. McIntire et al. (1943) reported 70 per cent retention 
of thiamine during broiling of lamb sirloin steaks. 


TABLE 4 
Effect of Cooking Methods on Thiamine, Riboflavin, and 


Lusine Content of Frozen Lamb Patties 


Average « 
Thiamine Ribofia 
I 0 ’ 
Uncooked frozen lam! 7 0.18 
Cooked patties 
Pan- broiled 
Oven-broiled 
Dielectric without pre browning 
Dielectric with pre browning 
Average for cooked 





260 SEY, HAUSRATH, P. E. RAMSTAD, AND F, FENTO 


The trend was for more thiamine in the drip of dielectrically cooked 
meat than in that of conventionally cooked meat. The same trend was 
reported for pork and beef. Volume of drip was larger in dielectric cook 

which probably explains the larger amount of thiamine present. 
Total thiamine retention in meat and drip averaged 92 per cent. 
Riboflavin retention in the drained patties was 55 per cent. Although 
differences occurred between the retentions after different cooking meth 


ne 


ods, there was no consistent trend attributable to either thawing or cooking 
nethod 

A riboflavin retention of 79 per cent in broiled lamb sirloin was found 
by MelIntire ef al. (19438 

No significant differences occurred in the riboflavin content of the drip; 
t averaged seven per cent of the original. Total riboflavin retentions in 
the meat and drip averaged 62 per cent 

Lysine Content and Retention: Average lysine content of the frozen 
raw lamb was 2.30 gm. per 100 gm. (Table 4 

An average of 92 per cent was retained in the drained patties; negh 


gible amounts were found in the drip 


SUMMARY 


Quarter-pound frozen ground lamb patties were cooked from the fro 


zen state, and after thawing at room temperature. Cooking methods were 
pan-broiling, oven-broiling, dielectric cooking without pre-browning, and 
dieleetric cooking with pre-browning 

Dielectric cooking required from one-fourth to one-third the time re 
quired by conventional methods. Similar savings in cooking times with 
dielectric cooking were found for pork and beef 

Pan-broiled, oven-broiled, and pre browned dielectrically cooked patties 
were judged desirable in all palatability characteristics, and superior in 
external color, crust quality, tenderness. and juiciness to patties dielectric 
ally cooked without pre-browning. Palatability scores were similar to those 
for pork and beef. As with pork, the order of preference favored patties 
thawed during cooking, over pre-thawed patties. Among cooking methods, 
pan-broiling was placed first in order of preference for all three meats 

Conventionally cooked and pre-browned, dielectrically cooked patties, 
averaged 32 per cent weight loss, which was significantly less than that of 
the dielectrically cooked pr tties without pre browning 1) per cent, 

Drip from the conventionally cooked lamb patties was less than from 
the dielectrically cooked patties. The same was true of beef. There was 
less drip from patties thawed during cooking than from pre-thawed patties 

Bacterial plate counts of all of the cooked lamb patties were less than 
0 per gm., regardless of the thawing or cooking methods. Similar results 
were observed in both pork and beef 

Thiamine retention in the drained cooked lamb patties averaged 86 
per cent. Similarly. the retention in pork was 85 per cent, and in beef 84 
per cent. Thiamine in the drip from the lamb patties averaged four per 
cent during conventional cooking methods, and eight per cent during diele« 


tric cooking methods 





, 
Vol 


In all three meats, more thiamine was in the drip of dielectrically cooked 
patties than in that of conventionally cooked patties 
in the drained lamb patties was 


Riboflavin retention 7) per cent Ni 
explanation is offered for this retention, whi h is considerably lower than 
ned in pork and the 79 per cent in beef. In all three 


; 


the 96 per cent retan 


meats the riboflavin in the drip was about th 
Li sine retentions averaged 92 per cent in the drained cooked lamb. This 


same, seven per cent 


i in bee I 


is comparable to the 59 per cent retaine 
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submitted. Authors are requested to examine a recent issue of Food Research for details 
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the editor-in-chief or to either of the two associate editors, Submission of a carbon 
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beginning to end. Interpolated pages may be noted, 45a, 45>, etc., in accordance with 
the number of the preceding page. Should pages be removed from the manuscript for 
any reason the preceding page should be double numbered. 

Foreign language phrases should be underlined in the manuscript for italics when 
printed, as in vacuo, in vitro, Complete generic and specific names of microorganisms 
should be cited and underlined. Generic names alone should also be underlined. Please 
do not abbreviate. 

Original drawings or photographs of drawings should accompany manuscripts. If it 
is necessary to include photographs for half-tone reproductions, glossy prints should be 
submitted. Authors should indicate on the manuscript the position of text figures. 

Manuscripts and drawings should be submitted in complete and finished form, ac- 
companied by the author’s complete address. All drawings should also be marked with 
the author’s name. Food Research reserves the privilege of editing manuscripts to make 
them conform with the adopted style of the journal or of returning them to the author 
for revision. Changes which are made by the editors may be reviewed by authors when 
they examine proof. §@~ When the amount of tabular or illustrative material is judged 
to be excessive or unusually expensive, authors may be requested to pay the excess cost. 

Tables, quotations (extracts of over five lines), and all subsidiary matter usually set 
in type smaller than the text, should be typewritten on separate sheets and placed with 


the text im correct sequence. Footnotes should be in with the text (reference aumbers 
only), but 2 continuously on separate sheets, and numbered consecutively. Ex- 


planations of figures should be treated in the same manner and, like footnotes, should 
be put at the end of the text copy. A condensed title for running page headline, not to 
exceed thirty-five letters and spaces, may be given. Citations of literature should be made 
in the text by reference to authors with date in parenthesis indicating the year of pub- 
lication. Bibliographic references should be arranged alphabetically by authors at end 
of article, with a complete reference, i.e., authors, date, title, volume and bounding pages. 
If reference is a book, the publisher and date of edition cited should be noted. Abbrevi- 
ations of titles of publications should, in general, be in accordance with those given in 
List of Periodicals Abstracted by Chemical Abstracts (1936), and Supplement thereto 
(1942). 

Figures should be drawn for reproduction as line or half-tone engravings, unless the 
author is prepared to defray the additional cost of a more expensive form of illustration. 
In grouping the drawings it should be borne in mind that, after the reduction has been 
made, text figures are not to exceed the dimensions of the printed matter on the page, 
4% x 6% inches. Single plates may be 5 x 744 inches, or less, Double plates will not be 
accepted. 

Figures, plates, and tables should be numbered consecutively, using Arabic numbers. 
The reduction desired should be clearly indicated om the margin of the drawing. 

All drawings intended for photographic reproduction either as line engravings 
(black-ink pen lines and dots) or half-tone plates (wash and brush work) should be made 
on white or blue-white paper or bristol board, not on cream-white or yellow-toned. Photo- 
graphs intended for half-tone reproduction should be securely mounted with colorless 
paste-——-never with glue, which discolors the photograph. 

Galley proofs and engraver’s proofs of figures are sent to the author. All corrections 
should be clearly marked thereon. If necessary, a corrected galley proof may be sent 
to authors. 

The editors of Food Research recommend that prospective authors follow the 
recommendations for preparation of manuscripts in such guides as “The Wistar Institute 
Style Brief,” published by the Wistar Institute of Philadelphia, Pennsylvania, or 
“A Manual of Style” of the University of Chicago Press. 
































Detection of 


COLIFORM BACTERIA 


BACTO-VIOLET RED BILE AGAR 


is recommended in ‘‘Standard Methods for the Examination 
of Dairy Products’’ for the direct plate count of the coliform 
bacteria. This medium is especially prepared for direct 
enumeration of coliform bacteria in water, milk and other 
dairy or food products. Upon plates of medium prepared 
from this product subsurface colonies of the coliform types 
are generally surrounded by a reddish zone of precipitated 
bile. Due to the inhibitory action of the medium toward 
other types accurate counts are obtained after incubation for 


only 18 hours. 


BACTO-BRILLIANT GREEN BILE 2% 


is recommended for the detection of coliform bacteria. This 
medium conforms in every way to the brilliant green lactose 
peptone bile described in ‘‘Standard Methods for the 
Examination of Dairy Products’’ and in ‘‘Standard Methods 
of Water Analysis’’ of the American Public Health Association. 
Results obtained by the direct inoculation of water, milk and 
dairy products or other food materials into fermentation tubes 
of this medium are reliable and accurate. 





BACTO-FORMATE RICINOLEATE BROTH 


is also employed for the detection of coliform bacteria. The 
medium is used in fermentation tubes which are inoculated 
directly with the sample or dilution. Bacto-Formate Ricinoleate 
Broth conforms to the ‘‘Standard Methods’’ formula. 


Specify ‘“‘DIFCO”’ 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Debydrated Culture Media. 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 














